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No. 1. — LILuustration, JOURNAL UNIVERSEL, Paris, August 
26, 1854, Vol. NATV., No. 600, p. 15%. 

Klectric Transniission of Speech, In 1s is, | young hah, learned 
but modest, taken from his quiet studies, became a soldier in the 
army of Africa. But passionately fond of science, and endowed 
with one of those privileged intelligences which permit their pos- 
sessor to reach any degree of eminence, he did not despair. “Ihave 
no longer my professor,” said he, “ but I have still my books: they 
will be my friends, my guides, my consolers.” 

At leneth, in 1849, young Charles Bourseul, son of an officer in 
the army,-and himself a soldier in the, 45d Regiment, gave to his 
comrades of the garrison of Algiers a mathematical course, and 
attracted the attention and the kindly interest of the governor-gen- 
eral of Algeria. No one had recommended this simple soldier to 
the general; he had been his own recommendation, and the general, 
recognizing his merit, had generously reached out to him a_protect- 
ine and friendly hand. This simple incident is a touching tribute 
to the merit of both the soldier and the general. 

To-day, freed from military service, Mr. Charles Bourseul lives 
at Paris, and he is the author of the curious article which is laid 
before our readers. We wish for him all the success which he 
himself dares to anticipate, and we should be happy to see him 
attach his name to the marvellous discovery of the electric transmis- 
sion of speech. Klectricity lies 1) these late days WoOl ked SO) Many 
miracles; why should it not accomplish this one more, in spite of 
the Academy, where people treat as foolish, or, when they wish to 
be polite, as Utopian, everything which has not yet been practically 
accomplished, —a most encouraging course, it must be confessed, for 
inventors, for these sublime initiators without whom the Academy 
would be nothing but a collection of fossils? We repeat it again to 
encourage the ardor of genius searching for the unknown. They 
can find nothing here in this Academy of Science except it be an 


insolent smile. Fulton and so many others have learned it to their 
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cost. But if you speak to-day to an academician of the steam 
engine and of the electric telegraph, he will tell you that it was a 


very simple thing, and if the Academy had been willing to bother 
itself about it, the discovery would have been made much sooner. 
Well, most learned doctors, here is a problem. “Read the communi- 


eation of Mr. Charles Bourseul. PAULIN. 


BOURSEUL’S COMMUNICATION. 


The electric telegraph is based on the following principle: An 
electric current, passing through a metallic wire, circulates through 
a coil around a piece of soft tron which it converts into a magnet. 
The moment the current stops, the piece of iron ceases to be a mag- 
net. This magnet, which takes the name of electro magnet, can 
thus in turn attract and then release a movable plate (plaque mobile) 
which by its to-and-fro movement produces the conventional signals 
employed in telegraphy. Sometimes this movement is directly 
utilized, and is made to produce dots or dashes on a st rip of paper 
which ts drawn along by clockwork. The conventional signals are 
thus formed by a combination of those dots and dashes. This is the 
American telegraph, which bears the name of Morse, its inventor. 
Sometimes this to-and-fro movement is converted into a movement 
of rotation. In that way we have either the dial telegraph used on 
railroads, or the telegraph used in the government system, which by 
means of two line wires and two indicating needles reproduce all 
the signals of the aérial telegraph or semaphore which was formerly 
used. Suppose, now, that we arrange upon a movable horizontal 
circle letters, figures, signs of punctuation, etc. One can under- 
stand that the principle we bave stated can be used to choose at a 
distance such and such a character, and to determine its movement, 
and consequently CO print it on a sheet of paper appropriately placed 
for this purpose. This is the printing telegraph. 

We have gone still further. By the employment of the same 
principle, and by means of a mechanism rather complicated, it has 
been possible to reach a result which at first would seem to be al- 
most a miracle. Handwriting itself is produced at a distance, and 


not only handwriting, but any line or any curve; so that, being in 
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Paris, you can draw a profile by ordinary means there, and the 
same profile draws itself at the same time at Frankfort. Attempts 
of this sort have succeeded. The apparatus has been exhibited at 
the London Exhibition. Some details, however, remain to be per- 
fected. It would seem impossible to go beyond this in the region 
of the marvellous. Let us try, nevertheless, to go a few steps fur- 
ther. I have asked myself, for example, if the spoken word itself 
could not be transmitted by electricity; in a word, if what was 
spoken in Vienna may not be heard in Paris? The thing ts practi- 
cable in this way :— 

We know that sounds are made by vibrations, and are made sen- 
sible to the ear by the same vibrations, which are reproduced by the 
intervening medium. But the intensity of the vibrations diminishes 
very rapidly with the distance ; so that even with the aid of speak- 
Ing tubes and trumpets, it is impossible to exceed somewhat narrow 
limits. Suppose that a man speaks near a movable disk, sufficiently 
Hexible to lose none of the vibrations of the voice; that thris disk 
alternately makes and breaks the connection with a battery; you 
may have at a distance another disk which will simultaneously 
execute the same vibrations. 

It is true that the intensity of the sounds produced will be variable 
at the point of departure, at which the disk vibrates by means of 
the voice, and constant at the point of arrival, where it vibrates by 
means of electricity; but it has been shown that this does not 
change the sounds. It is, moreover, evident that the sounds will be 
reproduced at the same pitch. | 

The present state of acoustic science does not permit us to declare 
a proore if this will be precisely the case with syllables uttered by 
the human voice. The mode in which these syllables are produced 
has not yet been sufficiently investigated. It is true that we know 
that some are uttered by the teeth, others by the lips, ete. : but that 
is all. ; 

However this may be, observe that the syllables can only repro- 
duce upon the sense of hearing the vibrations of the intervening 
medium. Reproduce precisely these vibrations, and you will repro- 
duce precisely these syllables. 


It is, at all events, impossible, in the present condition of science, 
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to prove the impossibility of transmitting sound by electricity. 
Everything tends to show, on the contrary, that there is such a pos- 
sibility. When the application of electro-magnetism to the trans- 
mission of messages was first discussed, a man of great scientific 
attainments treated the idea as Utopian, and yet there is now direct 
communication between London and Vienna by means of a simple 
wire. Men declared it to be impossible, but it is done. 

[It need not be said that numerous applications of the highest 
importance will immediately arise from the transmission of speech by 
electricity. Any one who is not deaf and dumb may use this mode 
of transmission, which would require no apparatus except an elec- 
tric battery, two vibrating disks and a wire. In many cases, as, for 
example, in large establishments, orders might be transmitted in 
this way, although transmission in this way will not be used while it 
is necessary to transmit letter by letter, and to make use of tele- 
graphs which require use and apprenticeship. However this may 
be, it is’certain that in a more or less distant future, speech will be 
transmitted by electricity. I have made some experiments in this 
direction. They are delicate, and demand time and patience; but 
the approximations obtained promise a favorable result. 

CHARLES BoURSEUL. 

Paris, August 18, 1854. 


No. 2. — Dipaskatta, Buatrer FiR GeEIst, GemirH unp Pus- 
LICITAT, Frankfort on the Main, Germany, No. 232, Septem- 
ber 28, 1854. 
| Magazine for Intelligence, Humor and News. } 

The wonders with which electricity has lately astonished us are 
about, as it seems, to be increased by a new one, that would not 
only prepare a great revolution in the electric telegraph as practised 
up to the present, but would increase its usefulness in an inealcu- 
lable manner. 

It is a question of nothing more nor less than an electric trans- 
mission of the spoken word. The idea originates with a young and 
educated, though modest young man, Charles Bourseul, who was a 
soldier of the African army in 1848, where he attracted the atten- 


tion of the governor-general by a mathematical course which he 
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delivered to his comrades of the garrison in Algeria, and he is now 
living in Paris. Bourseul’s problem, of the practicability of which 
he is completely persuaded, belongs, perhaps, to those discoveries 
which the scientific world afterwards declares very easy, and which 
they would giadly make us believe could easily have been discovered 
much earlier if they had chosen to give themselves the trouble. 

As is well known, the principle upon which electric telegraphy is 
based is as follows: An electric current traversing a metallic wire 
changes a piece of soft iron in the vicinity of which it passes into 
a magnet. As soon as the current ceases, the magnetic quality 
also ceases. This magnet, the electro-magnet, can thus alternately 
attract or let go a movable plate, which by its movements back 
and forth produces the conventional signals used in telegraphy. 
Now it is farther known that all tones are brought to the ear only 
by vibrations of the air, hence are really nothing more than these 


vibrations of the air, and that the endless variety of tones depends 


entirely upon the rapidity and amplitude of the sound waves. 

Could there now be invented a metallic plate which should be so 
movable and pliable that it reproduces all the vibrations of tones 
(like the air), and should this plate be so connected with an electric 
current that it should alternately make and break the electric current 
according to the air vibrations by which it was affected, it would 
thereby be possible also to arrange electrically a second similarly 
constructed metal plate, so that it repeated simultaneously exactly 
the same vibratious as the first plate, and it would then be exactly 
the same as if one had spoken in the immediate vicinity against this 
second plate, or the ear would be affected precisely as if it received 
the tones directly through the first metallic wall. The electric tel- 
egraph formerly stamped by the Academy as nonsense is now spread 
throughout all the world as a common phenomenon; if we question 
in regard to this new idea of a young physicist the principles of 
physics, they have not only nothing to offer against the possibility of 
its being carried out, but its success appears in fact to be more 
probable than did a short time ago that of the electric telegraph itself. 
If it be practically carried out, the electric telegraph could be oper- 7 
ated by every one. There would be need of no farther device and 


knowledge than a galvanic battery, two vibrating plates and a metal 
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metallic plate, and the other hold his ear near the other plate, and 


they could converse with each other as if face to face. The young in- 


wire; without any other preparation the one must talk against one 


ventor believes in the success of his efforts, and challenges scientific 
men to prove that the laws of physics contradict the above-men- 
tioned principles, and thereby make the attempt seem impossible. 
Meanwhile may the affair enjoy in high degree the attention which it 


is certainly attracting. 


No. 3.—Expost pes APPLICATIONS DE L’ELectricir , Du Mon- 
} cel, Paris, Vol. I., p. 225, edition 1854; Vol. II., p. 110, 
edition 1856, 

Electric Transmission of Speech. I have not been willing to give 

a place in the chapter on electric telegraphy to a fantastic conception 

of a certain Mr. Cir Bxx, who believes that we may yet be able to 

transmit speech by electricity, because I might have been asked why 

by the side of so many remarkable inventions I was willing to class an 

idea which as presented by its author has not got beyond the condi- 

tion of a dream. But I ought, to be true to the task which I have 

undertaken, to mention all of the applications of electricity which 

have come to my knowledge, and therefore I will here give the in- 

formation which the author has published up to this time on the 


subject. 


* After the marvellous telegraphs, which can reproduce at a dis- 
tance handwritings, or even more or less complicated drawings, it 
may appear impossible to penetrate farther into the region of the 
| marvellous, vet we will try to advance a few steps farther. I have, 
for example, asked myself whether speech itself may not be trans- 
mitted by electricity ; ina word, if what is spoken in Vienna may 
not be heard-in Paris? The thing is practicable in this way : — 

“We know that sounds are made by vibrations, and are made sen- 


sible to the ear by the same vibrations, which are reproduced by the 


intervening medium. But the intensity of the vibrations diminishes 


very rapidly with the distance ; so that even with the aid of speaking 


tubes and trumpets, it is impossible to exceed somewhat narrow limits. 


Suppose that a man speaks near a movable disk, sufficiently flexible 


to lose none of the vibrations of the voice: that this disk alternately 


® 
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makes and breaks the currents from a battery; you may have at 
a distance another disk which will simultaneously execute the same 
vibrations. 

“It is true that the intensity of the sounds produced will be vari- 
able at the point of departure, at which the disk vibrates by means 
of the voice, and constant at the point of arrival, where it vibrates 
by means of electricity ; but it has been shown that this does not 
change the sounds. It is, moreover, evident that the sounds will be 
reproduced at the same pitch. 

“ The present state of acoustic science does not permit us to de- 
clare a prior? if this will be precisely the case with syllables uttered 
by the human voice. The mode in which these syllables are pro- 
duced has not yet been sufficiently investigated. It is true that we 
know that some are uttered by the teeth, others by the lips, ete. ; 
but that is all. 

“ However this may be, observe that the syllables can only repro- 


duce upon the sense of hearing the vibrations of the intervening 
medium. Reproduce precisely these vibrations, and you will pro- 
duce precisely these syllables. 

“It is, at all events, impossible, in the present condition of sci- 
ence, to prove the impossibility of transmitting sound by electricity. 
Everything tends to show, on the contrary, that there is such a pos- 
sibility. When the application of electro-magnetism to the trans- 
mission of messages was first discussed, a man of great scientific 
attainments treated the idea as Utopian, and yet there is now direct 
communication between London and Vienna by means of a simple 
wire. Men declared it to be impossible, but so it is. 

“It need not be said that numerous applications of the highest 
importance will immediately arise from the transmission of speech 
by electricity. Any one who is not deaf and dumb may use this 
mode of transmission, which would require no apparatus except an 
electric battery, two vibrating disks and a wire. In many cases, as, 
for example, in large establishments, orders might be transmitted in 
this way, although transmission by electricity will not be used while 
it is necessary to transmit letter by letter, and to make use of tele- 
graphs which require apprenticeship and long-continued use. How- 


a, 


ever this may be, it is certain that ina more or less distant future, 
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speech will be transmitted by electricity. J have made some experi- 
ments in this direction. .They are delicate, and demand time and 
patience; but the approximations obtained promise a favorable 


result.” 


No. 4. — Comptes RENDUS DES SEANCES DE L7ACADEMIE DES 
SCIENCES, Paris, November 26, 1877. 
[ Addition to a paper by Du Moncel, referring to Bourseul’s plan. ] 
However this may be, the fact cannot be concealed that it is Mr. 
Bell who is the inventor of the telephone, for there is a whole world 
between a first idea and its definite realization. It is simply because 
Mr. Bell has made the intensity of the currents which transmit the 
vibrations of the voice to correspond to the latter in their amplitude 


and their changes, that the problem has been solved. 


No. 5>.— Tue TELEPHONE, THE MICROPHONE AND THE PHONO- 
GRAPH, Du Moncel (American Edition), Harper Brothers, 
New York, 1879, pp. 12-15. 

“From the telegraphic point of view, however, the problem of 
ransmitting sounds to a distance was far from being solved in this 
way, and the idea of applying electricity to this mode of trans- 
mission naturally arose as soon as the wonderful effects of electric 
telegraphy were observed, that is, in the years subsequent to 1839. 
A surprising discovery made in America by Mr. Page, in 1837, and 
afterward investigated by MM. Wertheim, de La Rive, and others, 
must also have led up to it; for it was observed that a magnetic bar 
could emit sounds when rapidly magnetized and demagnetized ; and 
these sounds corresponded with the number of currents which pro- 
duced them. 

“Again, the electric vibrators devised by MM. Macauley, Wag- 
ner, Neef, etc., and adapted to produce musical sounds, between 
1847-1852, by MM. Froment and Petrina, showed that the problem 
of transmitting sounds to a distance was not insoluble. Yet, up to 
1854, no one had ventured to admit the possibility of transmitting 
speech by electricity ; and when M. Charles Bourseul published in 
that year a paper on the electric transmission of speech, the idea 
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was regarded as a fanciful dream. I confess that I myself thought 
it incredible ; and when I produced the paper in the first edition of 
my account of the applications of electricity, published in 1854, I 
felt bound to add that the scheme seemed more than doubtful. Yet 
as the paper was thoughtfully written, [ had no hesitation in pub- 
lishing it, affixing the signature of Ch. B. Events justified this 
daring idea; and although it did not include the only principle 
which could lead to the reproduction of articulate sounds, yet it was 
the germ of the fertile invention which has made the names of Gra- 
ham Bell and Elisha Gray famous. For this reason I will again 
quote M. Charles Bourseul’s paper.” 

[Then follows the Bourseul article as just printed, No. 3, p. 6; 
after which Du Moneel adds this paragraph : —} 

“This description is certainly not full enough to enable us to dis- 
cern from it the arrangement which would lead to the solution of 
the problem, and if the vibrations of the disk at the receiving sta- 
tion were to follow from making and breaking the current at the 
sending station, under the influence of vibrations caused by the 
voice, they would only produce musical, and not articulate sounds. 
Yet the idea was magnificent, as Mr. Preece said, even when he 
thought it impossible to realize it. Besides, it is easy to see that M. 
sourseul himself was not deceived as to the difficulties of the prob- 
lem, as far as articulate sounds are concerned, for he points out, as 
we have seen, the difference existing between the simple vibrations 
which produce musical sounds, and the complex vibrations which 
cause articulate sounds; but, as he justly said, ‘Reproduce at the 
one end of the line the vibrations of air caused at the other, and 
speech will be transmitted, however complex the mechanism may 


be by which it is effected.’ ” 


PUBLICATIONS BY REIS AND OTHERS RELATING TO THE 


REIS TELEPHONE. 


No. 6, — FRANKFURTER CONVERSATIONSBLATT, November 29, 1861. 


Reproduction des Schalles durch den galvanischen Strom.  ke- 


production of sound by the galvanic current. 


For this new discovery, which rightly excites the greatest interest, 
we have to thank Mr. Reis, teacher in Friedrichsdorf. He has suc- 
ceeded after many experiments in solving, up to a certain point at 
least, this problem, which up to the present has been considered in- 
solvable. 

Of all the new discoveries in natural science, there are none of so 
general advantage and which so enter into our practical life as those 
in the domain of chemistry and physics; in the latter, galvanism in 
its application to electro-plating and telegraphy has achieved remark- 
able results. At the moment when telegraphy has attained a place 
in our social life, there begins, perhaps, for the same a new era in 
the fact that as we in telegraphy make ourselves understood by 
means of signs, in this we can make ourselves understood by means 
of tones at a distance. 

Mr. Reis has constructed in a very ingenious manner an appara- 
tus by means of which he has shown some perfectly successful ex- 
periments before a large audience in the Physical Society in this 
city. 

He has made a very happy use of the earlier discovery that the 
iron core of a wire helix produces tones by the interruptions of the 
current following each other at very short periods. 

His apparatus for receiving the sound is based upon the arrange- 
ment of the human ear. It consists in the first place of a funnel- 
shaped cavity [to represent the cartilage of the ear] to receive the 
sound, closed at its narrower part by a membrane, upon which is 
fastened an elastic strip of platinum which is connected with one of 
the circuit wires, while the former is in electric connection with the 


other pole of the battery. 
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As soon, then, as the sound waves set the membrane in vibration, 
the elastic strip of metal fastened to the same will make the same 
vibrations, will alternately rise and fall, thereby touching the other 
elastic strip and so making and breaking the current. 

The reproduction of the sound by the galvanic current, for it is 
only such and not a conduction of the sound, is brought about in 
the manner specified above. Into a wire helix, included in the cir- 
cuit, is placed a thin metal rod, —e. g., a knitting needle, — which 
apparatus, in order to increase the tone, is placed upon an easily 
vibrating support, a resonant box. By means of the current now 
made, now broken, the iron rod is also set into vibrations, which 
are communicated to our ear and there reproduce the sound. 

The vibrations of the iron rod correspond with those of the mem- 
brane; but as the pitch of the tones is dependent upon the times of 
vibration of the sounding body, the lower tones escape our notice, 
while the higher ones are especially noticed. 

Up to the present the reproduction of the tones is indeed weak, 
and words cannot be reproduced. We leave here the question as to 
whether this hereafter will be successfully accomplished. 

Mr. Fritz, instrument maker, has just constructed a new instru- 
ment with some improvements, and Prof. Béttger will hereafter 
make experiments with it in the Physical Society, to which we shall 


at times call attention. 


No. 7. —JAHRESBERICHT DES PHYSIKALISCHEN VEREINS ZU FRANK- 
FURT AM Marin, fiir das Rechnunes Jahr 1860-1861. Pub- 
lished in 1862. 

[Yearly Report of the Physical Society at Frankfort-a-M., 1860-61, pp. 57-64. ] 

“On telephony by means of the galvanic current, by Philipp 
Reis.” 

The extraordinary results in the field of telegraphy have prob- 
ably often raised the question, If it might not be possible to 
transmit musical tones themselves [Tonsprache] to a distance? 
Experiments made in this direction could not, however, produce 
any result at all satisfactory, because the vibrations of sound-con- 
ducting media soon lose their intensity to such an extent that they 


are no longer appreciable by our senses. 


alt I —— 


(a eae mR age NII 


wee reemrenasrnaniaiim ont tae 


12 REIS LECTURES. 


A reproduction of tones [Tonen] at certain distances by means of 
a galvanic current has probably been thought of, but the practical 
solution of this problem has certainly seemed the most doubtful to 
the very persons who, from their knowledge and appliances, were in 
the best condition to attack it. To a person having only a superficial 
knowledge of physics, the problem presents far less difficulties, 
simply because the most of them are unperceived. About nine years 
ago I also (having an extraordinary enthusiasm for what was new, 
and an insufficient knowledge of physics) had the boldness to attempt 
the solution, but was soon forced to desist, because the very first 
experiment convinced me of the impossibility of its solution. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclusive 
one; I did not, however, follow up the subject seriously, because | 
did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that tirst 
experiment and its occasion, notwithstanding all that reason says to 
the contrary, and thus, half unwillingly, this project of my youth was 
reviewed in hours of leisure; the difficulties and the means for over- 
coming them were weighed ; but for the present, at least, no experi- 
ment was made. 

How indeed could a single instrument reproduce the combined 
effect of all the organs occupied in human speech? This was always 
the cardinal question ; finally I got the notion of putting the question 
in another way, — 

Hlow is our ear affected by the totality of vibrations produced by 
the organs of speech all simultaneously active? Or more gener- 
ally, — 

How are we affected by the vibrations of several simultaneously 
sounding bodies ? 

To answer this question, we must, in the first place, understand 
what must happen in order that we may perceive a single tone. 

Without our ear, any tone is nothing else than a recurrent conden- 
sation and rarefaction of some body repeated at least seven or eight 
times‘in a second. If this occurs in the same medium in which we 
are, the membrane of the ear is at each condensation forced towards 
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the middle ear, to be moved at the subsequent rarefaction in the 
opposite direction. These vibrations produce a synchronous raising 
and falling of the hammer upon the anvil (according to other author- 
ities, an approach or receding of the ear-bone particles), and a 
similar number of tremors in the fluid of the cochlea, in which the 
filaments of the auditory nerve are distributed. The greater the 
condensation of the sound-conducting medium at any given moment, 
the greater is the amplitude of vibration of the membrane and 
hammer, and consequently the more powerful the blow upon the 
anvil, and the vibration of the nerves by means of the fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefaction 
occurring in the surrounding medium. But the office of the auditory 
nerve is to bring to our consciousness the vibrations of matter which 
have occurred in a given time, both as regards number and ampli- 
tude. Here, for the first time, certain combinations receive a name ; 
here, certain vibrations are fones or noises [ Téne oder Missténe }. 

What our auditory nerve perceives is, then, simply the effect of a 
force coming within the range of consciousness, and this force can 
be represented both as to duration and magnitude graphically by a 
curve. 

Let a 6 represent any given time, and the curve above the line 
condensation (+), the curve below the line rarefaction (—), then 
any ordinate raised from the end of any abscissa will represent the 
degree of condensation, at the time represented by its base, in 


consequence of which the drum of the ear vibrates. 
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Our ear can under no circumstances appreciate more than can be 
represented by these curves, and this indeed is entirely sufficient to 
give us a clear perception of any tone [Ton] or any combination of 


tones. 
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If several tones [Téne] are produced at the same time, the con- 
ducting medium is subjected to the influence of several simultaneous 
forces, and the two following laws will hold good: If the forces act 
all in the same direction, the amplitude is proportional to the sum 
of the forces; if the forces act in opposite directions, the ampli- 
tudes are proportional to the difference of the opposing forces. 

If, for example, in the case of three tones, we draw the curve of 
condensation of each separately, then by a summation of the ordi- 
nates of corresponding abscissas, we can determine new ordinates 
and develop a new curve, which might be called the combination 
curve. This represents exactly what our ear perceives of the three 
simultaneous tones. The fact that the musician can distinguish the 
three tones need not surprise us any more than the fact that any one 
acquainted with the theory of colors can in green discover blue and 
yellow; but the combination curves in Plate I. show that this diff- 
culty is a slight one, for in these curves all the relations of the com- 
ponents successively recur. In the case of chords of more than 
three notes, the relations are not so readily seen from the drawing, 
Plate I1., for example. In the case of such chords, however, the 
skilled musician also finds difficulty in recognizing the separate 
notes. 

Plate III. illustrates discord [Dissonanz]. Why discords im- 
press us unpleasantly I will leave my readers to judge at this time, 
though I may perhaps return to the subject subsequently in another 
paper. 

From the preceding it follows : — 

First. Every tone [Ton] and every combination of tones, on 
striking our ear, causes vibrations of the drum of the ear, the suc- 
cession of which may be represented by a curve. 

Second. The succession of these vibrations alone gives us a con- 
ception (sensation) of the tone, and every alteration changes the 
conception (sensation). | 

As soon, then, as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
given tone or combination of tones, we shall receive the same im- 
pression as that tone or combination of tones would have produced 
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With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce the 
tones of various instruments, and even to a certain extent the human 
voice. It is very simple, and by means of the figure will be easily 


understood from the following explanation : — 
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In the cubical block of wood r s ¢ u v wa there is a conical per- 


foration a, closed at one end by a membrane # (pig’s intestine), upon 


the middle of which there is cemented a conducting strip of 


platinum; this is connected with the binding screw p [anf deren 
Mitte ein stromleitendes Streifchen Platin festgekittet ist. Dieses 
steht mit der Klemme p in Verbindung]. From the binding 
screw n, another thin strip of metal [ein diinnes Metallstreifchen ] 
extends until over the middle of the membrane, and ends here in a 
platinum wire placed at right angles to its length «nd surface. * 

From the binding screw p, a conducting wire runs through the 
battery to distant station, being connected with.a coil of silk-covered 
copper wire and this again is connected with a conductor leading 
back to the binding screw n. 

The coil at the distant station is about six inches long, is composed 
of six layers of fine wire, and, as a core in its centre, has a 
knitting-needle which projects about two inches at both ends. By 
means of the projecting ends, the coil rests upon two bridges of a 
resonant case. (All this part can, of course, be replaced by 
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‘any other apparatus by means of which the well-known “ galvanic 


9? 


tones ” can be produced. ) 


If now tones or combinations of tones are produced in the neigh- 


| borhood of the block, so that sufficiently powerful waves enter the 
opening a, then these sounds cause the membrane 06 to vibrate. 


At the first condensation the hammer-like wire d is pushed back ; 


at the rarefaction it cannot follow the retreating membrane, and the 


current traversing the strips remains broken [Strom bleibt so 


lange unterbrochen bis, e¢c.], until the membrane forced by a new 


condensation again presses the strip (proceeding from p) against d. i 


, : : ‘ ‘ 

In this way each sound wave causes a breaking and closing [ein | 
Oefinen und ein Schliessen] of the current [Stromes]. : 
At each closing [Schliessen] of the circuit [Kette], the atoms of | 


the iron wire inside the distant spiral are moved away from : 
each other (Pouillet Miiller, p. 504, Vol. II., fifth edition) ; on break- ) 
ing the circuit [beim Unterbrechen des Stromes], these atoms seek 
to regain their position of equilibrium. When this happens, | 
in consequence of the reciprocal actions of elasticity and iner- 
tia, a number of vibrations are produced, and they give the longi- 
tudinal sound of the rod (see as above). This is the case if the 


making and breaking of the current !Unterbrechungen und Schlies- 


sungen des Stromes] occur with comparative slowness. If they 
occur more rapidly than the oscillations of the iron core, due to its 
elasticity, the atoms cannot complete their course. The paths de- 
scribed become shorter in proportion as the interruptions are more 


: frequent, but then are just as numerous as these. 


| The iron wire no longer gives its longitudinal normal tone, but a 
| tone whose pitch corresponds to the number of interruptions [ Unter- 
| brechungen] (ina given time) ; this ts the same as saying that the rod 
| reproduces the tone [Ton] ¢mpressed upon the interrupter [dem Unter- 
7 brechungsapparat]. . The intensity also of this tone is proportional | + 
to that of the original one, for in proportion as this is more intense, 
the motions of the membrane are creater ; the motions of the hammer, 
also, and finally the time during which the circuit remains opened, 
is greater; and consequently, up to a certain limit, the motions of 


the atoms in the reproducing wire are greater, we perceiving them 
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as greater vibrations, in just the same way as we would have per- 
ceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my instrument 
“ telephone.” 

- Now, in reference to the capabilities of the telephone, it may be 
stated that Iwas enabled to render audible to the members ofa large 
assembly (The Physical Society at Frankfort-a-M.) melodies which 
were sung (not very loud) into the apparatus in another house 
(three hundred feet away) with closed doors. 

Other experiments showed that the sounding wire was capable of 
reproducing complete chords of three tones of a piano, upon which 
the telephone was placed, and that it reproduces equally well the 
tones of other instruments, accordion, clarinet, horn, organ pipes, 
etc., provided that the tones are within the compass on 

Of course, ip all experiments, sufficient precautions were taken to 
insure that there was no direct conduction of sound. ‘This is very 
easily done by making a momentary short circuit immediately in front 
of the coil, by which means its action is temporarily interrupted. 

Hitherto it has not been possible to reproduce the tones of human 
speech ['Tonsprache des Menschen] with a distinctness sufficient for 
every one. The consonants are for the most part reproduced pretty 
distinctly, but the vowels as yet not in an equal degree. The cause 
of this I will attempt to explain. 

According to the experiments of Willis, Helmholtz and others, 
vowel tones can be produced artificially, if the vibrations of one 
body are from time to time augmented |y those of another, some- 
what as follows : — 

An elastic spring is set in vibration by the blow of a tooth on a 
toothed wheel; the first vibration is the greatest, and each subse- 


quent one is smaller than the preceding. 
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If, after a few vibrations of this kind (the spring not coming to 


rest in the mean time), the tooth wheel imparts a new stroke, the 


following vibration will be again a maximum, and so on, 
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The pitch of the tone produced in this way depends upon the 
number of vibrations in a given time, but the character of the tone 
upon the number of swellings [ Anschwellungen] in the same time. 
Two vowels having the same pitch would differ in about the way 
represented by the curves (Figs. 1, 2), while the same tone without 


any vowel character would be represented by the curve (Fig. 3). 
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Our organs of speech probably produce the vowels in the same 
manner, through the combined action of the upper and lower vocal 
cords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the original ones ; though, as I have 
reason to believe, to a certain degree proportional among themselves. 
But in the case of these generally small vibrations, the difference 
between large and small vibrations is more difficult to perceive than 
in the case of the original waves, and the vowel is therefore more or 
less indistinct. 

Whether or not my views as to the curves corresponding to sound 
combinations are correct could perhaps be decided by means of the 
new phonautograph of Duhamel (“ Vierordt Physiology,” page 254). 

It may be that for the practical application of the telephone much 
remains to be done; for physics it has already sufficient interest, 


from the fact that it opens a new field for research. 
Friedrichsdorf, near Frankfort-a-M., December, 1861, 
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No. 8. — JAHRESBERICHT DES PHYSIKALISCHEN VEREINS ZU FRANK- 
FURT AM Maryn, fiir das Rechnungs Jahr 1861-1862. 
[ Betract from the “ Proceedings.” | 

Page 13. October 26, 1861. “By Mr. Ph. Reis, of Friederichsdortf. 
On the Transmission of Musical Tones to desired distances by means 
of the galvanic current.” 

November 16, by the same: “Statement of a new theory about 
the perception of chords and the quality of sounds | A’ lang farben |, 


asa continuation of and supplement to the lecture on the telephone.” 


No. 9.— Die Fortscuritre pbeER Puysik, Dargestellt von der 
physikalischen Gesellschaft zu Berlin, XVII., im J., 1861, 
pp. 171-173. 
[Progress in the Natural Sciences. Published by the Physical Society of Berlin. 
1861, Vol. XVII., pp. 171-173. ] 

Pu. Reis. Telephony by means of the electric current. (Annual 
Leport of the Physical Society of Frankfort on the Main, 1860-1, 
pp. 0-64.) 

By the name “Telephone” the author designates the following 
apparatus of his own construction, by means of which and with the 
help of the galvanic current he is enabled “to reproduce at a dis- 
tance the tones | Tonen] of different instruments and even to a cer- 
tain degree the human voice.” 

A wooden cube is bored through from one of the faces to the op- 
posite one, the cavity taking the shape of a cone; the smaller open- 
ing is closed by means of a membrane | hog’s intestine, Schweins- 
diinndarm]. On the middle of the membrane and parallel with it isa 
thin strip of platinum cemented fast at one end whilst the other end 
is held by a binding post [Klemme} p. From another binding post 
q extends a similar thin strip of metal as far as over the centre of the 
membrane, and carries a little platinum wire directed towards the 
membrane at right angles to the strip and the surface of the mem- 
brane. From binding post p a conductor leads through a battery to 
a distant coil, which again is connected by another wire to binding 
post ¢. 

The coil at the distant station is about six inches long, consists of 
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six layers of thin wire and encloses as a core a_ knitting needle 
which protrudes about two inches at eachend. By these protruding 
ends the coil is supported on two bridges of a sound board. If now 
tones or combinations of tones are produced in the vicinity of the 
large opening of the conical cavity so that sufficiently strong waves 
enter it, these waves will set the membrane into vibration; by the 
outward motion of the membrane the platinum strip cemented on it 
is pressed against the hammer-shaped wire d and the galvanic cur- 
rent [Strom] is closed [geschlossen] ; by the inward motion of the 
membrane the current is reopened. The alternate magnetizings and 
demagnetizings of the core of the coil resulting therefrom will bring 
forth, if the alternation is slow, the longitudinal tone of the core, 
and if the alternation [aufeinanderfolge] is quicker, a longitudinal 
vibration of the same, the period of which corresponds to the period 
of the interruptions of the current { Unterbrechungen des Stromes | or 
of the vibrations of the membrane, and consequently to the rate or 
pitch of the tone which entered the conical cavity. That means 
according to the author that “The rod [Stab] reproduces the tone 
which was impressed upon the interrupting apparatus [ Unterbre- 
chungsapparat].” “The strength of this tone is also proportionate 
to the original tone, for,” as the author, though not very accurately, 
explains, “the stronger this is, the greater the motion of the little 
hammer, the greater finally the time during which the circuit 
remains open, and consequently the greater, up to a certain limit, 
the motion of the atoms in the reproducing rod, which motions affect 
us as greater vibrations, as the original wave itself would have 


$9 


done. sy means of this telephone the author made audible to the 
members of a large meeting of the Physical Society in Frankfort-a- 
M. melodies sung not very loud into the apparatus, in a house 
situated about three hundred feet distant, with closed doors. “ Other 
trials showed that the resounding rod is capable of reproducing full 
chords [ Dreiklinge] of a piano on which the telephone rests, and that, 
in short, it reproduces just as well the tones of other instruments, 
such as the harmonica, clarinet, horn, organ pipe, etc., provided the 
tones are within a certain range, from F to f? or thereabout. 

“As a matter of course, sufficient care was taken to ascertain 


whether direct transmission of the sounds had not a:share in the 
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result. This was ascertained very simply by establishing for a 
given time a good shunt circuit directly before the coil, In con- 
sequence of which, of course, the activity of the latter ceased for 
that time. 

“It was not possible thus far to reproduce spoken tones [‘Ton- 
sprache des Menschen] with a distinctness satisfactory to all; the 
consonants are for the most part distinctly reproduced, the vowels 
not in the same degree.” The author attempts to explain this im- 
perfect reproduction of the vowels by saying that the apparatus 
reproduces the vibrations to a certain extent indeed with proportion- 
ate, but also reduced strength, and the ear can no longer satisfacto- 
rily discern the relation of the proportionately great vibrations 
which determine the pitch [Tonhéhe] to the small vibrations on 


which vocal quality [vocal Farbe] depends. 


NO. 10.— Aus per Natur, Din NEUESTEN ENTDECKUNGEN AUF 
DEM GEBIETE DER NATURWISSENSCHAFTEN,* Leipzig, 1862, 


Vol. XNXAI., pp. 470-74. 


| Nature, the latest discoveries in the realm of the Physical Sciences. | 


TELEPHONY. 


The immense velocity of transmission possessed by electricity 
directed attention, as long ago as the middle of the last century, as 
to the possibility of using this unknown force for sending messages 
with rapidity to a great distance ; but not until within twenty years 
has telegraphy, by means of the galvanic current, come into practical 
use, nnd has now so far advanced that the telegraphic apparatus 
animated by the galvanic current commits the messages to paper. 
These surprising successes in the field of telegraphy have proba- 
bly often pushed into the foreground the question of the possi- 
bility of the direct transmission of speech. Experiments in that 
direction, however, had not as yet shown any satisfactory results, 
because the vibrations of sound quickly lose their intensity through 
the media of transmission, to such an extent that they become indis- 


tinguishable to our senses. 


* This article is a paraphrase of Reis’s Lectures (No. 7, p. 11, supra), but has not plates I., II. and III. 
This article and No. 7 were translated from the German by different persons. 
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Probably some have thought of a reproduction of sounds by means 
of the galvanic current, but the very persons who would have been 
the most capable, on account of their knowledge and resources, 
hesitated to undertake the solution of the problem, and were most 
sceptical as to its practicability. To those less acquainted with 
physies, the problem when they understand it appears less difficult 
because they do not foresee the difficulties. So had Reis at Fred- 
as he him- 


richsfeld, at Frankfurt-a-M., about nine years ago, 
self says, with much enthusiasm for the novelty, and with limited 
knowledge of physics, —the audacity to attempt a solution of this 
problem, but was soon obliged to abandon it because the first 
experiment convinced him of its impossibility. Later on, after 
further study, Reis could see that his first experiment was very 
crude and in nowise convincing. But he did not then take up 
the question again in earnest, because he considered himself un- 
equal to the task of overcoming the obstacles to be encountered 
on the way. But the impressions of youth are strong and not easily 
obliterated, and consequently Reis could not banish the impression 
produced by his first experiment; and in spite of the opposition of 
his judgment, and half against his will, the project of his youth was 
taken up again at many a leisure hour, and the obstacles and the 
means of overcoming them balanced, but not as yet put to the test 
of experiment. 

How should one instrument reproduce the combined movements 
of all the organs brought into activity by human speech? This was 
always the cardinal question. At last Reis was struck with the idea 
of putting this question in a different form, as: How does our ear 
perceive the total vibrations of all the organs of speech in activity at 
the same time? Or taken more generally, how do we perceive the 
vibrations of various bodies sounding at the same time? To answer 
this question, let us see what must be done in the first instance to 
perceive each separate sound. 

Without an ear each separate sound is nothing but the quick 
repeating (at least 7-8 times a second) of rarefactions and con- 
densations of a body. If this happens in the same medium in 


which we ourselves are contained, the membrane of our ear will 


be forced into the cavity of the ear with each condensation, and 
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by the following rarefaction will move in the opposite direction. 
These vibrations cause the hammer to be lifted from and dropped 
upon the anvil in the same measure of time, or according to others, 
an approach and recession of the minute bone atoms of the ear and a 
corresponding number of vibrations of the cochlea substance or fluid 
in which the ends of the nerve of hearing are spread. ‘The greater 
the condensation of the sound-conducting medium at a given moment, 
and the longer the vibrating width of the membrane and the ham- 
mer, the stronger, consequently, will be the stroke on the anvil and 
the vibration transmitted through the fluid to the nerves. 

According to this, it is the office of the organs of hearing to carry 
every condensation or rarefaction which occurs in their surrounding 
medium with accuracy to the nerve of hearing; and the office of the 
nerve of hearing is to bring the vibrations of matter in a given time 
as well by number as by size to our consciousness. Not until now 
do certain combinations receive definite names. Not until now do 
certain vibrations become melodies or discords. 

Whatever comes to the sensibility of the nerve of hearing is 
therefore merely the activity of a power brought to our conscious- 
ness, and this may be graphically illustrated by a curve according to 


time and size, as in Fig 1. 
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Fig. 1. 


The line a-b is to indicate any given time, and the curve above 
the line (+) condensation, and the curve under the line (—) rare 
faction ; so each ordinate erected at the end of an abscissa shows us 
the strength of condensation at a given moment at the starting 
point, in consequence of which the membrane vibrates. Anything 
other than can be illustrated by similar curves, our ear is absolutely 
unable to perceive, and this is sufficient to bring every source and 
combination of sound clearly to our consciousness. 

When various sounds are created at the same time, the sound- 
conducting medium is under the influence of Various simultaneous 
forces, and the following two laws are imperative: If all the forces 
act in the same direction, the size of the wave is proportional to the 
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total of the forces ; but if the forces act in opposite directions, the size 
of the wave is proportional to the difference of the opposed forces. 

If, for instance, we illustrate singly the condensation curves of 
three sounds, we can, by Summing the ordinates of equal abscisse, 
designate new ordinates and establish a new curve, which we may 
eall a combination curve, and this will show us precisely what our 
ear perceives at the same time of the three combined sounds. 

That a musician would recognize again each separate sound is not 
to be wondered at, more than the fact that one acquainted with the 
science of colors should readily discern in green the colors of blue 
and yellow. The combination curves show these differences in a 
very limited degree, as in them reappear successively all the propor- 
tions of the components. In accords of more than three sounds it is 
certainly not so easy to recognize the proportions in the drawing, 
but it is equally difficult for a good musician to distinguish in such 
accords each separate sound. 

From the above we can see that as soon as it shall be possible to 
create vibrations anywhere and in any manner whose curves are 
equal to those of a certain sound or combination of sounds, we 
shall receive the same impression as the sound or combination of 
sounds would have produced. Placing himself upon these principles, 
Mr. Reis succeeded in constructing a very simple apparatus, as 
shown in Fig. 2, by the aid of which he is enabled to reproduce the 


sounds of various instruments, and to a certain degree also the 


human voice. 
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On the wooden cube (7, 8s. f, uv, v, vw, @) is the cavity (a), closed 
on one side by the membrane (/) of hog’s intestine, on the centre 
of which is fastened a platina strip, which serves as conductor to 


the galvanic current. This is connected with the binding screw 


(p). From the binding screw (7) another small metallic strip is 
placed over the centre of the membrane, and is connected with a 
platinum wire, which is placed at a right angle with the longitudinal 
axis and the broad side of the cube. From the binding screw (p) 
a conducting wire goes through the battery to a distant station, and 
ends there in a spiral of silk-covered copper wire, which again leads 
back to the conductor which ends in the binding screw (7). 

The spiral at the distant station is fully six inches in length, and 
carries six layers of thin wire, and has in its centre as a nucleus a knit- 
ting needle which protrudes on each end fully two inches. The 
spiral rests with the protruding ends of the wire on two bridges of 
a sounding board. Of course the whole of this part can be replaced 
by any apparatus by which you can produce the well-known galvanic 
tones. 

If now sounds, or combination of sounds, are produced in the 
vicinity of this block so that strong waves will enter the opening 
(a), they will cause a vibration of the membrane (2). With the 
first condensation the hammer-shaped wire (¢) will be pushed back ; 
with the following rarefaction the wire cannot follow the retreating 
membrane, and the current which flows through the strip remains 


interrupted until the membrane is driven back by a new condensa 


tion and presses the strip again from (p) to (d). Every wave of 


sound thus produces an opening and closiig of the current. 

Kvery closing of the circuit causes the atoms of the needle at 
the distant station to repel each other and to seek again their natural 
position at every interruption of the current. As this occurs, they 
make, in consequence of the alternate action of elasticity and inertia, 
a number of vibrations, and give the longitudinal sound of the wire. 
Such is the action when the opening and closing of the current is 
comparatively slow. If they occur faster than the oscillations of the 
iron rod which are dependent upon elasticity are produced, the atoms 
cannot describe their full course. Their courses grow shorter as the 
interruptions grow faster, but still are just as frequent as_ these 


[dafiir aber ebenso hiiufig, als diese}. The iron rod no longer gives 
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its longitudinal sound, but a sound whose pitch agrees with the num- 
ber of interruptions in a given time. 

All this means that the rod produces the sound that is transmitted 
to it through the interrupting apparatus. The strength of the sound 
also is in proportion to the original source, for the stronger the 
original sound, the stronger the vibration of the membrane, and the 
greater the movement of the minute hammer the longer the time 
that the circuit remains closed; and consequently the larger to a 
certain degree the movement of the atoms in the reproducing rod, 
which we perceive as a longer vibration, just as we should have 
perceived the original wave. 

As to the leneth of the conducting wire, it can be stretched as 
far as in telegraphy by the galvanic current. Reis has given this 
by apparatus the name of “Telephone.”- In regard to what it is able 
to accomplish, it may be mentioned that Reis has been able, before 
a largely attended meeting of the Physical Society at KFrankfurt-a-M.., 
to produce audible melodies which were sung not very loudly into 
an apparatus placed in the closed room of a house three hundred 
feet distant. Other experiments have proved that the rod. is able 
to reproduce triple sounds of a piano on which the telephone 
stands; and, finally, that the same will reproduce the sounds of 
other instruments, such as the concertina, clarinet, horn, organ 
pipes, evc., provided the sounds belong to a certain range, Say It tof. 
tt is needless to mention that at all these experiments there was 
sufficient investigation to prevent a direct conduction of sound. 
This investigation can easily be made by a good interrupter placed 
close CO the coll, which ot COULTSEe Stops. the operation ot the Instru- 
ment for the time being. 

Up to this time it has been impossible to reproduce the sound of 
human speech in such a degree as to be perfectly audible to any one. 
The consonants were in most cases reproduced almost perfectly, but 
not so the vowels; the cause of this may be found in the following. 


\s has been ascertained by the expermnents oft Willis, Hlelm- 


holz and others, voeal sounds ean be artificially produced by in- 


creasing the vibrations of a body at intervals through another body, 


as, for Instance, an elastic spring is set in vibration by the stroke of 


the cog ofa wheel; the tirst vibration is the largest, and every 


following one 1s smaller than its predecessor. 
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If after a few vibrations of this kind another stroke follows before 
the spring comes to a rest, the next vibration will again be the lar- 
vest and so on. 

The height and depth of a sound depends upon the number of 
vibrations made in a given time, and t!.e character of the sound upon 
the number of such cog strokes ina given time. Two vowels at 
the same pitch may be illustrated and distinguished in Figs. 4 and 
5, whereas the same sound without the attributes of a vowel may 


be illustrated by Fig. 6. 
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Qur organs of speech probably produce the vowels in the same 


way through a combined action of the upper and the lower glottis, o1 


the latter and the cavity of the mouth. The apparatus gives us the 


} 


number of vibrations. but their force is much reduced from the origi- 


nal, and most likely, to a certain degree, proporiionally among them 
all. This difference between the generally suialler vibrations is 


certainly much harder to recognize than the original wave, and ther 
fore the vowels are more indefinite. 

There certainly remains much to be done towards a_ practical 
development of telephony: but as the beginning has now been 
made, we shall not have lone to wait for further advanee. A broad 


field of labor has thus been opened for the physicist. 


ish? 


No. 11.— Dipask aia, Frankfort-a-M., May &, 2. 
For fall title of this publication, see No. 2, p. 4. 

The excellent physicist, Mr. Phil. Reis, of Friedrichsdorf, calls by 

this name his surprising invention for using the. telegraph line to 

transmit really audible tones. Our readers will perhaps remem- 


ber having heard, some time since, of this invention, the first trials 


with which Mr. Reis performed here in the Physical Society. Since 
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then the invention has been constantly developed, and will, no 
doubt, become of great importance. 

(Didaskalia), May 12, 1862. 

Yesterday’s meeting of the Free German Institute was a very 
numerously attended one, from the fact that the subject in the order 
of business, “ Telephony by Transmission of the Galvanic Current,” 
as explained by the inventor himself, Mr. Phil. Reis, excites so great 
an interest that it rightly deserves the most general attention. 

In a lecture exceedingly interesting, universally understood, clear 
and concise, Mr. Reis gave a historical outline of the origin and 
development of his idea of the practical possibility of the transmis- 
sion of tones in a galvanic way. 

His first attempts were mostly unsuccessful in solving the cardinal 
question propounded by him, “ How is it possible that a single in- 
strument can reproduce at once the total action of all the organs 
operated in human speech?” until finally it occurred to him to 
seek the solution of the problem in the question, “How does our 
ear take cognizance of the total vibrations of all the organs of 
speech acting at once?” or “How do we perceive the vibrations 
of several bodies sounding at once ? ” | 

In order to answer this question, the lecturer went more closely 
into the anatomy of the ear, and into the formation of tones in gen- 
eral. After this was determined, he took up again his experiments 
in reference to the transmission of tones by means of galvanism. 

Afterwards Mr. Reis constructed, considerably enlarged, the parts 
of the ear necessary for hearing, by which it was finally possible for 
him to transmit the tones brought to the mechanically imitated ear. 

The experiments by him some months ago, in the Physical Society, 
were, to the astonishment of all, exceedingly plain and clear, whereas 
the experiment following the lecture of yesterday was less successful. 
This was due partly to the poor conductivity of the wires, partly to 
the locality. 

Although much is left to be done for the practical utilization (Ver- 
werthung) of the telephone, yet 2 new and interesting field of labor 
is hereby opened to physics. 

|The above translations are those published in Philipp Reis: 
Inventor of the Telephone. By Silvanus P. Thompson, B. A., ete. 


London: E. & F. N. Spon. 1883.1] 


No. 12. — ZEITSCHRIFT DES DeruTSCH-OESTERREICHISCHEN ‘'TELE- 


GRAPHEN VEREINS, Berlin, 1862, Vol. IX., p. 125. 
[Journal of the German-Austrian Telegraph Association, Vol. IX., p. 125, 1862. | 


Concerning the reproduction of sounds by means of galvanie elec- 
tricity ° by V. Legat, Royal Prussian Telegraph Inspector at 
Cassel, accompanied by copperplates VIII. and LX. 

It might not be uninteresting to make known, in wider circles, the 
following ideas lately communicated by Mr. Philip Reis to the So- 
ciety of Physics, and to the meetings of the Free German Institute, 
at Frankfort on the Main, concerning the reproduction of tones 
[Ténen] by means of galvanie electricity, and also what has been 
hitherto accomplished towards the realization of this project, in order 
that the accumulated experiments may serve as a foundation to build 
upon, and that the capacity of the electric current, which by human 
Ingenuity has already been made serviceable for correspondence, muy 
be developed in this direction also. 

In this essay we shall not deal with the electric current as to its 
capacity for operating telegraphic apparatus of whatever construction 
for the reproduction of viszb/e signs, but of the application of this 
current to the production of audible signals, of tones [Tonen]. 

The air waves, which by acting upon the ear excite in us the sen- 
sation of sound by primarily setting the tympanum of the ear into 
vibratory motion, are, as is well known, transmitted to the interior 
parts of the ear and to the auditory nerves there located by means of 
a lever apparatus of wonderful delicacy, the auditory bones (hammer, 
anvil, stirrup); and the attempt to reproduce tones therefore de- 
pends upon this, to actuate an artificial imitation of this lever ap- 
paratus by means of the vibrations of a membrane corresponding to 
the membrane of the ear drum, and thereby to open and close (zum 
Oeffhen ti Schliessen) a galvanic circuit, connected with a distant 
station by a metallic conductor. 

Before describing the apparatus to be used, it would be proper to 
inquire how our ear apprehends the vibrations of any one particular 
tone, and the combined vibrations of all simultaneous tones acting 


upon it, because thereby we may determine the operations which are 
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to be performed by the transmitting and receiving apparatus in the 
solution of the problem. 

Examining first the processes which take place in, order that the 
human ear may apprehend any single tone, we find that each tone is 
the result of alternate rarefactions and condensations repeated within 
a fixed time. If this operation occurs in the same medium in which 
the ear is placed, then at each condensation the membrane is forced 
toward.the cavity of the drum and toward the opposite side at each 
rarefaction. 

These vibrations cause corresponding movements in the auditory 
bones, and are thereby transmitted to the auditory nerves. 

The greater the degree of condensation of the sound-conducting 
medium is at a given time, the greater will be the amplitude of 
vibration of the membrane and auditory bones, and the greater the 
consequent result; and in the opposite case, so much the weaker. 
Hence itis evidently the function of the auditory apparatus to impart 
with faithfulness to the auditory nerves every condensation and rare- 
faction which occurs in the surrounding medium. On the other 
hand, the function of transmitting to our consciousness both the 
number and amplitude of the resulting vibrations occurring within a 
viven time devolves upon the auditory nerves. 

It is here, in our consciousness, that a certain complex phenome- 
non receives a specific name; it is here, in our consciousness, that 
the transmitted vibrations become tones [Tone]. 

Accordingly, that which is apprehended by the auditory nerves is 
the effect of a force, reaching to our consciousness, and which can 
be made more easy of comprehension as to duration and strength, by 
oraphical delineation. 

For example, let the length of the line a-—6 represent a definite 


period of time, the curves above this line the condensations (+), 


and the curves below this line the rarefactions (—) ; then every or- 
dinate erected at the end of any abscissa will indicate at the moment 
of time indicated by this abscissa the degree of condensation in 
consequence of which the membrane of the drum vibrates. 


The ear is not capable of perceiving more than ean be represented 
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in this way, or more than can be represented by similar curves ; this 
is, however, sufficient to convey to our consciousnes any single 
tone |Ton] or any desired combinations of tones. For if several 
tones are venerated simultaneously, then the sound-conducting me- 
dium is influenced by several forces, acting at the same time, and 
subject to mechanical laws. 

If all the forces act in the same direction, then the amount of 
motion is in proportion to the sum of all the forces; if on the other 
hand the forces act in opposing directions, then the amount of 
motion is in proportion to the difference between the opposing 
forces. 

From these principles it follows that the curves representing the 
condensations of a number of simultaneously generated tones may 
he combined in a single curve of condensation, which will indicate 
with precision what our ear apprehends through the reception of 
these simultaneously acting tones, 

The objection generally made to this proposition, that a musician, 
or any person, is able to distinguish the simple tones out of which 
these composite curves are formed or arise, should not be allowed 
to militate against It; as it is also possible for some who are familiar 
with the study of colors to distinguish, in green, for example, the 
mixture of vellow and blue, in their varied shades; and the one 
phenomenon as well as the other is referable to the fact that in both 
cases the observer is familiar with the factors of that product which 
has been conveyed to his consciousness. | 

By the explanations heretofore given, it is easy to construct the 
curves representing the condensations of various tones, chords, ete., 
and a few examples are given by way of illustration : — 

Fig. 1, Plate VIII., represents a composite curve formed of three 
tones, in which all the proportions of the components recur suc- 
cessively. 

Fie. 2 represents a similar curve formed of more than three 
tones ; in this case, however, it is no longer possible to represent 
the proportions so clearly in the drawing, yet an experienced musi- 
cian will be able to discern them even here, although in practice it 
might be difficult even for him to recognize the separate tones in 


such a chord. 
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The advantage of representing the operation of tones upon the 


human ear after this manner is that it gives the clearest view pos- 
sible of the process; the representation here given also shows why 
a discord | Dissonanz], Fig. 3, must affect the ear disagreeably. 

This apparent digression from the subject under consideration was 
necessary to demonstrate that as soon as we are able, in any place 
and in any manner, to reproduce vibrations, of such curves and 
intensities as are equivalent to the curves and intensities of the 
vibrations of any particular tone, or of any particular combination of 
tones, we shall have the same impressions as were produced upon 
us by this original tone, or these original combinations of tones. 

The apparatus described hereafter offers the possibility of pro- 
ducing these vibrations in every manner desired; and by the use of 
galvanic electricity it is possible to evoke, at any distance, vibra 
tions like | gleiche] those which have been so produced, and in this 
way to reproduce at any place the tones which have been generated 
at another place. 

In Plate [X., Fig. 4 A is the tone transmitter [Tonengeber], and 
b the tone receiver [‘Tonenppfanger], and these two instruments are 
set up at different stations. I must observe at the outset that the 
arrangement of the instruments for sending backwards and forwards 
is omitted for greater clearness ; and likewise, as the whole thing is 
not presented as a completed fact, but only to call to the notice of a 
wider circle what has been already ascertained, the possibility of the 
working of the apparatus at a distance greater than the limited 
direct working allows at present is left out of consideration, since 
these points are easily accomplished by mechanical arrangements, 
and since the most important facts of the phenomena treated are not 
influenced thereby. 

Let us now turn to the tone transmitter, Fig. 4 A. This on the 
one hand is connected by the metallic conductor with the tone 
receiver, Fig. 4 B, at a neighboring station; on the other hand it is 
connected by means of the electric battery C with the earth (or 
with the metallic return conductor). The tone transmitter, Fig. 4 
A, consists of a conical tube a 4, about 15 centimetres in length, hay- 


ing a front opening of about LO centimetres, and a rear opening of 


about 4 centimetres. 
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(It appears by practical experiments that neither the material of 
this tube nor any increase in its length influenced the accuracy of 
the action of the apparatus. An eniargement of the diameter of the 
tube impairs the working of the apparatus, and it is desirable that 
the inner surface of the tube be as smooth as possible.) The smaller 
or rear end of the tube is closed by a collodion membrane o, and 
upon the centre of the circular surface of this membrane rests one end 
c of the lever ¢ d, the supporting point e of which is sustained by a 
bracket, and is kept in electrical connection with the metallic con- 
ductor. The proper lengths of the respective arms ¢ e and ed of 
this lever are regulated by the laws of the lever. It is advisable to 
make the arm ce longer than the arm ed, in order that the least 
motion at ¢ may operate with greatest effect at d. - It is also desira- 
ble that the lever itself be made as light as possible, that it may 
follow the movements of the membrane. Any tnaccuracy in the 
operation of the lever ¢ d in this respect will produce false tones at 
the receiving station. When ina state of rest the contact at d ¥ is 
closed, and a delicate spring 2 maintains the lever in this position. 

The second part of the apparatus, the standard /, consists of a 
metallic support, connected with one pole of the battery ©, the 
other pole of which is connected to the earth, or to a metallic return 
wire leading to the other station. 

Upon the standard fis arranged a spring 7. with a contact point 
corresponding to the contact point ¢ of the lever ¢ d; the position 
of y is regulated by the screw h. 

In order not to impair the operation of the apparatus by t!n 
action of the air waves against the rear side of the membrane, it 
is desirable to place upon tube @ 6, » disk of about fifty centi- 
metres in diameter at right angles to the longitudinal axis of the 
tube a 4; this aisk may be attached to the tube by a fastening sur- 
rounding its outer circumference. 

The tone receiver, Fig. 4 B, consists of an electro-magnet mm m, 
which rests upon a sounding board uw wy; its coil is connected 
respectively with the metallic conductor and the earth or the metal- 
lic return conductor. 

Facing the electro-magnet m m is an armature, to which is 


attached a very long but light and broad lever 7. 
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The lever ¢ with the armature is suspended from the standard / in 
the manner of a pendulum, its motion being regulated by means of 
the screw / and the spring g. 

In order to increase the effect of the apparatus, the tone receiver 
may be placed at one of the focal points of an elliptically arched 
chamber of suitable size, and the listener may place his ear at the 
other focus of this chamber. 

The operation of the apparatus described is as follows :— 

When at rest the galvanic circuit [ Kette] is closed. When the 


air, Which is in the tube a of the apparatus, Fig. 4 A, is alter- 


ey 
© 


nately condensed and rarefied, by speaking into it (or by singing 
or introducing the tones of an instrument), a movement of the mem- 
brane closing the smaller opening of the tube is produced, corre- 
sponding to such ,condensation or rarefaction. The lever e d fol- 
lows the movements of the membrane, and opens and closes | 6fMet 
und schliesst] the galvanic circuit [ Kette] at dq, so that at each 
condensation of the air in the tube the circuit is opened, and at 
each rarefaction the circuit is closed fein Odeffnen und ein 
Schliessen erfolgt |. 

In consequence of this operation, the electro-magnet of the ap- 
paratus, Fig. 4 B, in accordance with the condensations and rare- 
factions of the column of air inthe tube a 6, Fig. 4 b, is correspond- 
ingly demagnetized and magnetized | demagnetisirt und magnetisirt ], 
and the armature of the magnet is set into vibrations like those of 
the membrane in the transmitting apparatus. But the beam (Balken) 
? attached to the armature communicates these corresponding vibra- 
tions of the armature to the air surrounding the apparatus Fig. 4 B, 
which finally transmits the vibrations so produced to the ear of the 
listener. 

We have not here to consider the question of the transmission 
| Fortptlanzing |] of tones by means of the galvanic current, but only 
of the conveyance [ Vebertragiing] of generated sounds to another 
place, and in this way, that at the latter place a similar cause is 
produced, and a similar effect obtained. It must not be ignored, 
however, that while the apparatus described reproduces the exact 


number of the original vibrations, but not of the same strength [die 


gleiche Starke der reproducirten Schningingen noch nicht erreicht 
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nurde]; and that the achievement of this result is reserved for an 
improvement of the apparatus. 

In consequence of the imperfection of the apparatus at this time, 
the minor differences of the original vibrations are distinguishable 
with more difficulty, — that is, the vowel sounds appear more or less 
indistinct, —inasmuch as each tone depends not merely upon the 
number of the vibrations of the medium, but also upon its condensa- 
tion and rarefaction. 

This also explains why chords and melodies were transmitted with 
marvellous accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, etc., were less distinctly 
recognizable, although even in these the inflections of the voice, as 
in interrogation, exclamation, surprise, calling, ete., were clearly 
reproduced. 

There is no doubt that the subject we have been considering, 
before it becomes practically valuable for use, will require consid 
erable improvement ; it will especially be necessary to perfect the 
mechanism of the apparatus to be employed: but I am convinced, 
hy repeated practical experiments, that it is of the greatest theoretic 
interest to pursue these investigations, and also that a development 


of practical value will not elude our intelligent century. 


Nos. 13, 14, 15. — loeutscue INDUSTRIE ZEITUNG. Chemnitz, 1863, 
(German [ndustr al Gazette, Chemnitz, 1563. } 
No. 13. No. 16, page 184, April 17, 1863 : — 
“Industrial Queries for Exciting Interest and Eliciting Responses. 
“Of late there has been talk in newspapers about producing definite 
tones at a distance, similarly to telegraphic despatches, such for 
Instance as conducting the acoustic effects of an instrument far he- 
yond the reach of the audibility of its sound. Do these communi- 


cations rest upon actual facts?” 


No. 14. | No. 18, page 208, May 1, 1863 :— 
“Answers. Answer to question in No. 16, page 184. Trans- 

mission of tones by Electricity. According to the ‘ bottger’s 

Notizblatt,’ 1863, No. 6, successful experiments in ‘telephony ’ 


were made in October, 1861, at Frankfort-a-M., by Prof, Ph. Reis, 
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so that it seems not impossible to carry on copversations at miles 
distance, and even to convey the voice itself with its peculiar undu- 
lations, and also the tones of a musical instrument. Heretofore the 
voice could be reproduced from one house to another only for a 
distance of 500 feet by means of a peculiar and ingenious apparatus. 
The arrangement of the same was essentially as follows: The waves 
of sound were taken up by an elastic surface, and transmitted to a 
light commutator introduced into the circuit of a galvanic battery 
Feiner federnden Commutator eingeschaltet in den Leitungsdraht ]. 
At the other end of the line was introduced a coil of copper wire, 
inside of which was an iron wire resting upon a sounding board, 
that was thrown into sonorous vibrations by the changes of current 


' depending upon the waves ot sound.” 


No. 15. No. 22, page 249, May 29, 1863. 
“ The reproduction of tones by electro-galvanic means (with a draw- 
ing, which is the same as the drawing of the apparatus in the 
sles Legat article, No. 12, pp. 23-29, supra). 

* Although this subject has already been discussed by us (No. 18, 
page 208), on account of the great interest it offers, we shall return 
to it more in detail. We enclose a drawing of an apparatus used by 
Mr. Ph. Reis in Frankfort-a-M., taken from the Zeitschrift des Deutch- 
Oesterreichischen Telegraphen Vereins, 1862, folios 6,7 and 8&8. We 
take the liberty of following the lead of the above-mentioned source 
in entering into a short discussion of the nature of tones. 

“The undulations of the air that excite in us, by operating upon 
the ear, the sensation of sound, by setting the drum of the ear into 
vibration, are transmitted, as is well known, by a series of levers 
of admirable delicacy, that is, by the small bones of the ear (ham- 
mer, anvil and stirrup) to the inner portion of the ear and to the 
nerves that lie at that point. The attempt to reproduce tones depends 
upon the following: to set in motion an artificial imitation of this 
series of levers by the vibration of a membrane which takes the 
place of the drum, and to make use of them to open and close a 


galvanic circuit which is connected by a metallic conductor with a 


remote station. 
“ If we take into consideration the phenomena that take place when 
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we perceive a sound by the sense of hearing, we find that every tone 
is the result of rarefactions and condensations of the air repeated 
several times in a certain period. At every condensation the mem- 
brane of the drum is pressed inwards, and at every rarefaction out- 
wards. These vibrations produce a simultaneous motion of the 
small bones of the ear and a consequent transmission to the nerves 
of the ear. The greater the compression of the sound-conducting 
medium at any particular moment, the greater is also the ampli- 
tude of vibration of the membrane and small bones of the ear, and 
vice versa. The object, therefore, of the organs of hearing is to trans- 
mit with certainty the rarefactions and condensations of the sound- 
conducting medium to the nerves of hearing. On the other hand, 
it remains their object to bring to our perception the vibrations oc- 
curring in a given time with reference to number as well as to 
amplitude. It is only in our perceptions that a given combination 
receives a definite name, that vibrations become sounds. 

© Anything other than the effect of such single vibrations the organs 
of hearing are unable to take up, and these organs themselves are 
competent to perceive single tones as well as combinations of tones : 
for if several tones are produced at the same time, the sound-conduc*- 
ing medium is under the influence of several simultaneous forces, 
which according to the laws of mechanics can be replaced by a force 
which produces the same effect as all the single ones together. If all 
the forces operate in the same direction, the magnitude of the motion 
is proportional to the sum ; if they operate in opposite directions, the 
magnitude of the motion is proportional to the difference of the oppo- 
site forces. In that way several simultaneous tones operate upon 
our hearing simply by a definite alternation of rarefactions and con- 
densations of the sound-conducting medium, as in the case of single 
tones. The tone itself depends apparently only upon the number of 
vibrations and the power upon: the amplitude of the vibrations 
(perhaps also the strength). 

" Now, as regards the apparatus, the upper figure is the transmitter — 
and the lower one the receiver or reproducer. 

“ The transmitter consists of a metallic conical pipe @ b, about 15 
centimetres in length, 10 in diameter at @ and 4 in diameter at 4. 


Atb the opening is closed by a membrane o of collodion stretched 
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tight. Upon the centre of the same rests the end ¢ of lever c d, 
whose fulcrum is placed at ¢ on a support. The lever is to be made 
as light as possible, and its arm ¢ longer than its arm d, so that the 
smallest motion at ¢ will operate at d with the greatest amount of 
force. In the condition of rest the contact d g is closed and a weak 
spring » holds the lever fast in this position of rest. Besides, there 
is attached to the apparatus a metallic standard 7, connected with 
one pole of the battery, while the other pole is led to the ground 
through e. On the standard fis secured the spring 7 opposite the 
contact point d of lever ¢ d at d, the position of which (spring) can 
be regulated by a screw h. 

“ The receiver consists of an electro-magnet m m resting upon a 
sounding board R, and whose coils are in connection with a metallic 


é 


conductor and with the earth at E. Opposite the electro-magnet is 
an armature connected with a lever, as longas possible, but light and 
broad. This lever is fastened to the support 4 after the manner of 
«a pendulum, and its motions are regulated by a screw 6 and spring g. 

“To increase the efficiency of the apparatus, the receiver and repro- 
ducer can be set up in one focus of an elliptical concavity of proper 
size, While the listening ear of the hearer is placed in the other focus. 

“The operation of the apparatus is now as follows: ‘The tones of 
the voice or of an instrument are conducted into the conical pipe 
a6. By reason of their vibration the membrane is set into similar 
vibration and in this way operates the opening and closing of the 
electric conductor. In consequence of this the magnet in the 
receiver will be magnetized and demagnetized corresponding to the 
vibration of the tones, and the armature of the lever 7 is set in 
vibrations corresponding to those of membrane o. The wide surface 
of lever ¢ transinits these vibrations to the air, and by this means 
they reach the ear of the hearer. In this transmission of tones, the 
only question is one of transmission of vibrations, a problem that 
magneto-electric telegraphy is certainly sufficiently far advanced to 
deal with. 

“A friendly communication was sent us some time ago by Mr. J. 
K’. Quilling, of Frankfort-a-M., aecording to which the capacity of 


the apparatus to transmit tones to a considerable distance clearly 


and with their characteristic timbre [Klangfarbe] is fully estab. 
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lished. Mr. Q. writes us that by means of the telegraphic conduc- 
tor with which the apparatus of Mr. Ph. Reis was connected, two 
remote parts or the city were united, and although it was not possi- 
ble with the present construction of the apparatus, to transmit spoken 
words [gesprochenen Worte }], they succeeded so well with the tones 
that were sung that not only were the melodies of songs reproduced 
distinctly and perfectly at a tolerably remote station, but known 
voices could be recognized. <All present capable of judging, Mr. 
Q. adds, who availed themselves of the opportunity of witnessing 
the experiment, agreed that the possibility is before us of making 
one’s self understood verbally at any distance tn the way shown by 


Mr. Reis.” 


No. 16. — POLYTECHNISCHES NOTIZBLATT FUR GEWERBTREIBENDE 
FABRIKANTEN UND KUNSTLER, Herausgeben von Rudolph Bétt- 


ger, Mainz [und Frankfurt-a-M.], 1863, No. 61, p. 81. 


[Polytechnic Journal for Tradesmen, Manufacturers and Artisans. Published by 
Rudolph Bottger. Mayence and Frankfort-a-M. | 
On the Transmission of Tones at any desired Distance, by Means of 
Electricity. (Telephony. ) 

Two decades ago we had not reached beyond the first attempts of 
making signals at considerable distances. Since then, telegraphy 
has reached such perfection, and telegraph wires have been so ex- 
tended, that little remains to be asked for by the boldest desires. 

Now there appears a first earnest trial. to reproduce tones at an) 
desired distance, by means of electricity. This first trial, which 
has been crowned with success, has been repeated in the lecture 
room of the Physical Society of Frankfort-on-the-Main, before 
numerous assembled members, on the 26th of October, 1861, 
by Mr. Ph. Reis, teacher of natural sciences at Friedrichsdorf, near 
Frankfort. Into one part of his apparatus located in a building 
about three hundred feet distant, and having all the doors and win- 
dows closed, melodies were sung, but not very loudly. The same 
could be heard by the members in the lecture room, through the 
second part of the apparatus. 

These wonderful results were attained with the following very 
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simple apparatus: A small, light box, a kind of hollow wooden cube, 
has a larger opening in the front, and a smaller one on the opposite 
side. The latter is covered with a very fine membrane, sausage 
skin, and the same is tightly stretched; a small flexible piece or 
strip of platina, fastened to the wood of the box, touches the 
membrane at its centre, and a second strip of platina is fastened 
by one end to the wood at a different place, and has at its other 
end a fine horizontal point touching the other strip of platina, where 
it lies on the membrane. 

As is known, tones are produced by the rapid succession of con- 
densations and rarefactions of the air. If the vibrations of the 
air, called waves, strike the thin membrane, they push the same 
against the strip of platina that touches it, and then allow it to imme- 
diately vibrate back into the hollow cube (called the artificial ear), 
and so cause the membrane to assume forms alternately bent towards 
the cube and from the same. The strip of platina lying against the 
membrane is thus set into a swinging motion, so that it is alter- 
nately pressed on to the platinum point of the second strip and then 
leaves the same. 

If one of the strips is connected by a wire to one of the poles of a 
voltaic battery, and the electricity is conducted to any desired dis- 
tance by wire connected to the other pole and is then carried through 
a helix six inches in length, wound with six layers of thin silk-cov- 
ered copper wire, and from there is carried back to the second strip 
of platina on the wooden cube by means of a second insulated wire, 
then, at every vibration of the membrane, an interruption of the 
current of electricity {[Unterbrechung in der Stromung der Electri- 
citit] will be caused, as the point on the one strip of platina no longer 
touches the other strip. Through the hollow of the helix a thin iron 
wire (a thick knitting needle) about ten inches in length is passed, so 
that it projects out of each end of the spiral about two inches, and 
these projecting ends each rest on a bridge of a sounding board. 

It is known that if an electric current is passed through a helix 


that surrounds an iron wire, in the manner described, at every inter- 


ruption, a tone, produced by the vibrations of the iron wire, is 
audible. If the makings and breakings of the current [Unterbre- 


chungen des Stromes] follow each other rather slowly, the different 
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positions (in regard to the length of the bar) which the molecules 
will be caused to assume by the electricity, will produce a tone, 
its so-called proper longitudinal tone which depends on the length and 
thickness of the bar or wire. 

If the makings and breakings of the current | Unterbrechungen 
des electrischen Stromes] in the spiral take place faster than the 
vibrations of the smallest parts of the wire, which in turn de- 
pends upon the elasticity of the wire, they cannot complete their 
courses, they receive new shocks, the vibrations get to be smaller 
but more rapid, and as numerous as the interruptions follow each 
other. The piece of wire no longer gives its longitudinal tone, buta 
tone which, according to the number of interruptions in a certain 
time, is higher if they are more frequent and lower if they are 
less frequent. It is known that the pitch of a tone depends on 
the number of air waves that follow each other in one second. 
We have seen above that the number of interruptions of the electric 
current [Unterbrechungen des electrischen Stromes | by the men, 
brane and the strips of platina is dependent upon this. 

Consequently the iron wire must give a tone of the same pitch as 
the sound which was received by the membrane. As electricity is 
hardly impaired when conducted a great distance, if the proper ap- 
paratus is used, it is evident that a tone acting on a membrane in one 
place can be made audible at any desired distance by the iron wire. 

That the tone is made audible only by electric vibrations and 
not by direct transmission of the air waves through the wires, 
can be most strikingly proved by noticing the fact that no tons 
is heard at the spiral if a good short circuit be established ; 7. e., if, 
for instance, a small strip of metal is laid across the two wires, 
directly in front of the spiral. The reproduced tones are, indeed, 
somewhat weaker than the originals, but the number of vibrations 
is the same. It is easy to reproduce the tones in the proper pitch. 
As the vibrations are smaller, which is the cause of the weakness of 
the tone, it is much more difficult, however, for our ear to estimate 
the difference in the size of the vibrations. 

The character of a tone depends upon the number of swellings it 


has; 7. e., with tones of the same depth, consequently of the same 


Pa 
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number of waves per second, such as having the fourth, sixth, 


eighth, tenth or sixteenth wave stronger than the rest. 


The physicists have shown that if a spring is vibrated by the 
teeth of a cog wheel, the first vibration is the greatest, and every 
following one is smaller. If, however, before the spring comes to 
rest, another tooth strikes it, then the next vibration will be equal 
to the first strongest one, but the vibrations of the spring will not 
be any more numerous than before. Vowel tones can be artificially 
produced in this way. 

Although we may be far from being able to converse with a friend 
a hundred miles away and recognize his voice, as though he was sit- 
ting alongside of us, the impossibility of attaining this result can no 
more be claimed. 

The probability that this result will be attained is almost as great 
as by the wonderful experiments of Niepce, the reproduction of 
natural colors by photography. 


No. 17. —FRANKFURTER CONVERSATIONSBLATT, June 30, 1863. 
(This is a reprint of Bottger’s article, No. 16, supra.) 


No. 18. — DINGLER’s POLYTECHNISCHES JOURNAL, Stuttgart, Vol. 
CLXVIII. p. 185. 


(This is a reprint of Béttger’s article, No. 16, supra.) 


No. 19. — POLYTECHNISCHES CENTRALBLATT, Leipzig, 1863, pp. 
(This is a reprint of Béttger’s article, No. 16, supra.) 


No. 20. — JAHRESBERICHT DES PHYSICALISCHEN VEREINS ZU FRANK- 
FURT AM MAIN, fiir das Rechnungs Jahr 1862-1863, p 35. 
[Yearly Report of the Physical Society of Frankfort on the Main ] 

Page 35. “The following lectures were also delivered in the Sat- 


urday proceedings, to wit: November 29, 1862, by Dr. Keil, of 


Langensalza, on magnetism in general; on the maufacture of artifi- 


qo 
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cial steel magnets by the hitherto customary processes, and also a 
statement of a new method of making magnets by stroking ; and July 
4, 1863, by Mr. Ph. Reis, of Friedrichsdorf, teacher, on the trans- 
mission of tones to desired distances by means of electricity ; the 
paper being accompanied with an exhibition of an improved tele- 
phone, and the performance of experiments with it.” {The paper 
was not printed. | 

1869-70, p. 26.. A long article entitled “Geschichtliches uber 
den physikalischen Verein,” by J. Walled, contains the following : 
“P. Reis was the author [in 1861] of a treatise on Telephony by 
alvanic current.” 


means of the g 


No. 21. — JOURNAL OF THE SOCIETY OF TELEGRAPH ENGINEERS AND 
oF Exvecrricians, London, March, 1883, No. 46. 


REISS TELEPHONE. 


The following is a copy of an autograph description of Reis’s tele- 
phone which has been presented to the library by Mr. Wm. Ladd, 
Member : — 

(Copy. ) 
INSTITUT GARNIER, 
IF RIEDRICHSDORF. 
Dear Sir: 

I am very sorry not to have been in Franctort when you were 
there at Mr. Albert’s, by whom I have been informed that you have 
purchased one of my newly-invented instruments (Telephons), though 
[ will do all in my power to give you the most ample explanations 
on the subject. Iam sure that personal communication would have 
been preferable, specially as I was told that you will show the appa- 
ratus at your next scientifical meeting, and thus introduce the appa- 
ratus In your country. 

Tunes and sounds of any kind are only brovght to our conception 
by the condensations and rarefactions of air or any other medium in 
which we may find ourselves. By every condensation the tympanum 
of our ear is pressed inwards, by every rarefaction it is pressed out- 


ward, and thus the tympanum performs oscillations like a pendulum. 
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The smaller or greater number of the oscillations made in a second 
gives us, by help of the small bones in our ear and the auditory 
nerve, the idea of a higher or lower tune. | 

It was no hard labor, either to imagine that any other membrane 
beside that of our ear could be brought to make similar oscillations, 
if spanned in a proper manner and if taken in good proportions, or 
to make use of these oscillations for the interruption of a galvanic 
current. However, these were the principles which guided me in my 
invention ; they were sufficient to induce me to try the reproduction 
of tunes at any distance. It would be long to relate all the fruitless 
attempts I made until I found out the proportions of the instrument 
and the necessary tension of the membrane. The apparatus you 
have bought is now what may be found most simple, and works 
without failing when arranged carefully in the following manner : — 

The apparatus consists of two separated parts, one for the singing 


station, A, and the other for the hearing station, B. 
Lu Q ) 


HHS 
x. Bally 


Reis’s Telephonic Apparatus.—Facsimile of Drawing sent by Reis to Mr. Ladd. 
The apparatus A is a square box of wood, the cover of which 
shows the membrane c, on the outside, under glass. In the middle 
of the latter is fixed a small platina plate to which a flattened copper 
wire is soldered, on purpose to conduct the galvanic current. Within 


the circle you will further remark two screws: one of them is termi- 
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nated by a little pit in which you puta little drop of quicksilver ; 
the other is pointed. The angle, which you will find lying on the 
membrane, is to be placed according to the letters, with the little 
hole @ on the point a, the little platina foot 4 into the quicksilver ; 
screw ; the other platina foot will then come on the platina plate in 
the middle of the membrane. 

The galvanic current coming from the battery (which I compose 
generally of three or four good elements) is introduced at the con- 
ducting screw near 6, wherefrom it proceeds to the quicksilver, the 
movable angle, the platina plate and the complementary telegraph 
to the conducting screw s.. From here it goes through the conduc- 
tor to the other station B, and from there returns to the battery. 

The apparatus B, a sonorous box on the cover of which is fixed 
the wire spiral with the steel axis, which will be magnetic when the 
current goes through the spiral. A second little box is fixed on the 
first one, and laid down on the steel axis to increase the intensity of 
the reproduced sounds. On the small side of the lower box 
will find the corresponding part of the complementary telegraph. 

If a person sing at the station A, in the tube 2, the vibrations of 
air will pass into the box and move the membrane above ; thereby the 
platina foot ¢ of the movable angle will be lifted up, and thus will 
open the stream at every condensation of air in the box. The stream 
will be re-established at every rarefaction. In this manner the steel 
axis at station B will be magnetic once for every full vibration, and 
as magnetism never enters nor leaves a metal without disturbing the 
equilibrium of the atoms, the steel axis at station B must repeat th: 
vibrations at station A, and then reproduce the sounds which caused 
them. Any sound will be reproduced if strong enough to set the 
membrane in motion. 

The little telegraph which you find on the side of the apparatus 
is very useful and agreeable for to give signals between both of the 
correspondents. At every opening of the stresm, and next follow- 
ing shutting, the station A will hear a little clap, produced by the 
attraction of the steel spring. Another little clap will be heard at 
station B inthe wire spiral. By multiplying the claps and producing 
them in different measures, you will be able as well as I am to get 


understood by your correspondent. 
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am to end, sir, and I hope that what I said will be sufficient to 
have a first try ; afterwards you will get on quite alone. 
I am, sir, 
Your most obedient servant, 
PH. REIS. 
FRIEDRICHSDORF, 13/7,63. 


To Mr. WiiurAmM Lapp. 


No. 22.—Tune NewcastteE Datty CHRONICLE AND NORTHERN 
CouNTIES ADVERTISER. 
(Report of British Association Meeting.) 
SATURDAY, August 29, 1863. 


SECTIONAL MEETINGS. 
(Yesterday. ) 

A.— Mathematical and Physical Science. 

President: W. J. Macquorn Rankine, C. E., F. R. S. 

Vice-Presidents: General Sabine; Professor Sylvester; and 
W. Spottiswoode, F. R. S. 

Secretaries: Professor Stevelly, LL. D.; Rev. C. T. Whitley, 
M. A.; Professor H. 1. S. Smith, M. A., F. R. S.; Professor Ful- 
ler; and the Rev. W. Ferrers. 

Mr. Ladd then exhibited an acoustic telegraph for the trans- 
mission of musical notes and sounds between distant points, this 
ingenious contrivance being the invention of a schoolinaster at Frank- 
fort, whom Mr. Ladd had met with in his travels. By means of 
this telegraph, sounds were transmitted from one end of the table 
to the other, the sounds (which are produced by the principle of vi- 
bration) being heard fainter than they were uttered. Mr. Ladd, 
however, expressed his opinion that distance would not militate 
against the power of the telegraph to transmit sound. At the same 
time, he admitted it was of no practical use, but was merely a scien- 
tific toy. 

Professor Stevelly said that Mr. Ladd might be able to talk 7 


through his telegraph. 
Mr. Jenkyn. — He may whistle a tune through it, at any rate. 


AGis 


-“LADD'S PAPER ABOUT REIS. 


No. 23.—-Tne Civin ENGINEER AND ARCHITECT’S JOURNAL, 
London, Vol. XXVI., pp. 3507-8, 1865. 


An Acoustic Telegraph (paper read to the British Association, 1863), 
by W. Lapp. 

Having met with an ingenious telegraph instrument, when re- 
cently in Frankfort, the invention of a schoolmaster near that place, 
a description may not be uninteresting to the physical section ; 
and if it does not come up in efficiency to some of the instruments 
in use, I can only say that novelty is very often a step to improve- 
ment. 

The instruments for transmitting and receiving the sounds consist 
essentially of two distinct pieces of apparatus: that for transmitting, 
measures four inches cube, and has a small mouthpiece or speaking 
pipe projecting from the front; on the right-hand side there is a 
small finger key, forming part of the circuit, and also an electro- 


magnet with a vibrating armature and binding screw to connect wit 


a 


one of the line wires. Within the case under a glass cover is an 
elastic membrane, in the centre of which there is fixed a small plati- 
num plate; this by means of a wire is always in connection with the 
finger key on the outside of the case. There is a light piece of angu- 
lar metal somewhat in the form of the letter L, resting on three pins, 
and so placed tnat the pin at the angle rests on the plate in the 
centre of the membrane, the other two pins rest i cups on its edge, 
so as to allow of free motion on the points. In one of the cups 
there is placed a drop of mercury to insure metallic contact, and this 
is in connection with a binding screw on the left-hand side of the 
case. | 

The receiving instrument consists of a light wooden box, measur- 
ing about ten inches long by three inches square, on one end of which 
there is fixed a binding screw and finger break, similar to the one on 
the transmitter. In the body of the box there is suspended from 
two wooden bridges a soft iron core, surrounded by a coil of silk- 
covered wire, one end of which is in connection with the finger key, 
and the other end with a binding screw at the left-hand side of the 
box. 


The method of producing sound in the receiving instrument depends 
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upon the fact, that at the moment of magnetizing and demagnetizing 


a piece of iron there is an alteration in the arrangement of the parti- 


cles, which can be distinctly heard by a slight ticking noise. Ad- 
vantage is taken of this fact by placing the iron core in the box, so 
that it can be magnetized and demagnetized at pleasure, the box sim- 
ply acting as a sound board. The method of working this telegraph 
is as follows : — 

Having connected one of the binding screws in the transmitter by 
means of an insulated wire, with one of the binding screws on the 
receiver, and the other binding screws being brought in connection 
with a battery of three or four elements, the telegraph is ready for 
work. 

[If you then press the finger key on the transmitter, the person at 
the receiving station will immediately hear a tick at his instrument, 
for every time the current is broken ; this is produced, as explained, 
by the alteration of the magnetic state of the iron core, by the alter- 
nate suspension and transmission of the electric current through the 
helix surrounding it. And as all musical notes are simply the pro- 
duction of pulsations at regular intervals, we have simply to tind 
some means of making and breaking contact a number of times equal 
to the pulsations of the note to be conveyed to receiver; this is 
ingeniously fulfilled by the elastic membrane in the transmitting 
instrument. 

The operator has simply to place his mouth to the tube in front of 
the instrument and sing a note, when immediately the membrane 
begins vibrating in accordance with the note sounded, and at each 
vibration breaks contact between the pin and the plate in its centre ; 
this forming part of the circuit, causes the iron core in the receiving 
instrument to be magnetized and demagnetized a number of times, 
squal to the number of vibrations of the membrane, and so conveys 
to the receiver an impression of a musical note. 

The tinger keys and small magnet at the sides of the instruments 
are for the purpose of varying the methods of communication by the 
combination of single sounds, and can also be used, with the other 
parts, for the purpose of regulating the lengths of the notes, and 
dividing them into varying portions, so as to form a sound alphabet 


somewhat similar to the signals written by Morse’s telegraph. 
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No. 24. — Rerorr or tue Trirry-Truirp MrgrinG or THE Bririsn 
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, IN AUGUST 
AND SEPTEMBER, 1865; published 1864. 

On an Acoustic Telegraph, by W. Lapp. 

This instrument consists, essentially, of two distinct pieces of 
apparatus ; that for transmitting the signal has a small mouthpiece. 
On the right-hand side there is a finger key forming part of the 
circuit, and an electro-magnet, with a vibrating armature and binding 
screw to connect with one of the line wires. Within a case under a 
glass cover Is an elastic membrane, in the centre of which is fixed a 
platinum plate in connection with the finger key. <A like piece of 
angular metal resting on three pins is so placed that the pin at the 
angle rests on the plate in the centre of the membrane, the other two 
resting in cups on its edge so as to allow a free motion on the points. 
In the body of the receiver box is suspended a soft iron core sur- 
rounded by a coil of silk-covered wire, one end of which is in con- 
nection with a finger key and the other with the binding screw. T! 
method of producing sound in the receiving instrument depends 
upon the fact that at the moment of magnetizing or demagnetizing a 
piece of iron there is an alteration in the arrangement of the par- 

ticles, which gives rise to a slight ticking noise | Having connected 
the transmitter by means of an insulated wire with the receiver, 
and the binding screws having been brought in connection with a bat- 
tery of three or four elements, if the finger key ov the transmitter be 

. pressed, the person at the receiving station hears the ticking noise. 

To convey a musical note or sound, the operator places his mouth 

the tube in front of the instrument and sings a note, when immediate] 

the membrane begins vibrating in accordance with the note sounded, 
and at each vibration breaks contact between the pin and plate in its 
centre. This forming part of the circuit causes the iron core in the 
receiving instrument to be magnetized and demugnetized «a number 
of times equal to the number of vibrations of the membrane, and 
so conveys to the receiver an impression of a musical sound. The 
finger keys and small magnet at the sides of the instruments are for 
the purpose of varying the methods of communicatioa by the com- 
bination of single sounds, and ean also be used with the other parts 
for the purpose of regulating the lengths of the notes and dividing 
them into varying portions, so as to form a sound alphabet somewhat 


similar to the signals written by Morse’s telegraph, 
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No. 25.— Prospectus or J. Winn. ALBERT, FRANKFORT-ON-THE- 
Main, AuGust, 18653. | 


J. Wiitw. ALBERT, 
Mechanician, 
Frankfort-on-th e- Main. 
FrANKFORT-A-M., August, 1865. 

Sir, —I take the liberty of sending you the accompanying pro- 
spectus, begging you to give it your kind attention ; it relates to the 
very interesting apparatus of Mr. Reis, for the production of tones 
with the aid of galvanism : 

THE TELEPHONE. 

This apparatus, which can be had through me, is at all times exhib- 

ited for inspection at my warehouse, and besides I am quite willing 


to give every information regarding it. My warehouse of physical, 


fe] optical and chemical instruments and apparatus is now: Neue 
Mainzerstrasse-No. 34 AM. Taunusthor, only three minutes’ walk - 


from the several railroad stations, and therefore may be visited by 
any one, however short his stay in Frankfort may be. 
Awaiting your kind order, Lam, Respectfully yours, 4 + 


J. WILH. ALBERT. 


No. 26. —Rers’s Crrcutar or AuGust, 1863. 


(This is on the same sheet of paper as the foregoing. ) 
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Sir, — Having succeeded two years ago in demonstrating the possi- 
bility of reproducing tones with the aid of the galvanic current and 
in manufacturing an apparatus for th:t purpose, the subject has been 
so highly appreciated by the most renowned men of science, and | 
have received so many encouragements, that I have striven since 
that time to improve my originally very imperfect apparatus, in 
order to give to others also the facility of experimenting. 

I am now able to offer an apparatus which satisfies my expecta- 
tions, and with which every physicist will succeed in repeating these 
interesting experiments regarding the reproduction of tone (Ton- 
reproduction) at distant stations. 

I believe that it is the wish of many that these instruments should 
come into the possession of laboratories ; as, however, their manu- 
facture demands a complete knowledge of the leading principles and 
a great experience in this matter, I have resolved to make the most 
important part myself, and to intrust to the mechanician only the 
secondary parts and the external outfit. Mr. J. Wilh. Albert, 
mechanician at Frankfort on the Main, is commissioned to sell them. 
I have enabled him to offer them at the prices of 21 and 14 florins 
(12 and 8 Prussian thalers) in two qualities, which differ only in the 
external outfit. The instruments can also be had directly from me 
at the same price by cash payment. Every apparatus is examined 
by me before being shipped, and has attached my name, the serial 


number and the date of construction. 


FRIEDRICHSDORF b. Homspure, v. d. HOung, AuGust, 1863. 
PHIL. REIS, 


Teacher at L. F. Garnier’s Boys’ Institute. 
(In manuscript on the foregoing is the following : — ) 
Descriptions of the above are to: be found in Miuller-Pouillet s 


Lehrbuch der Physik, Braunschweig, Vieweg & Son; Pisko, die 


Neueren Apparate der Akustik, Wein, Gerold’s Son, 1865. 
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(This and the foregoing are on two similar printed sheets. 
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TELEPHONE. 


The apparatus consists of two parts, as may be seen in the wood- 
cuts above, the telephone proper A, and the reproducing apparatus 
C. These two parts are to be placed at such a distance from each 
other that singing or the sound of a musical instrument can be heard 
in no other manner except through the apparatus from one station 
to another. 

Both parts are connected with each other and with the battery B, 
the same as in an ordinary telegraph. The battery must be sufh- 
cient to produce at station A the attraction of the armature of the 
electro-magnet placed at one side (three or four six-inch Bunsen 
cells are sufficient for several hundred feet of distance). 

The galvanic current then goes from B to the binding post d, 
from there through the copper strip, to the platina disk in the centre 
of the membrane, then through the foot ¢ of the angle towards the 
binding post B, in the small hollow of which a drop of quicksilver is 
inserted. From here the current goes through the small telegraph 
apparatus ef, then to the key of the station C and through the coil 


surrounding t back to B. 


[ () 
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If now sufficiently strong tones are produced before the mouth- 
piece, their vibrations will put in motion the membrane and the 
angular little hammer [winkelformige Himmerchen] which lies on 
it; for every full vibration the circuit is once opened and again 
closed [einmal! gedfnet und wieder geschlossen], and thereby are 
produced at station C in the core of the coil, just the same num- 
ber of vibrations [ebensoviele Schwingungen hervor-gebracht ] which 
are there perceived as tones or as combinations of tones { Accords]. 
By placing the cover tightly over the axis of the coil, the tones at C 
are greatly strengthened. Besides the human voice [menlischen 
Stimme] there can be reproduced (according to my experience) 
just as well the tones [Tone] of good organ pipes from F to C and 
those of the piano; to that end the box @ must be’ placed on the 
sounding board of the piano ; out of thirteen chords a skilled experi- 
menter could make out ten clearly. The telegraph apparatus placed 
on one side is evidently unnecessary for the reproduction of ton 
but it is a very useful addition for convenient experimenting. 
With its aid it is possible to easily and surely make one’s self intelli- 
gible [sich verstandigen ] with the person at the other station. 

This may be done somewhat in the following simple manner : 
After the apparatus has been put up completely, one satisfies one’s self 
of the continuity of the connection and the strength of the battery 
by opening and closing the circuit whereby at A is heard a striking 
of the armature and at C a very perceptible ticking of the coil. 

By a quick succession of makes and breaks at A, C is asked 
whether he is ready for experimenting, whereupon C answers in thi 
same manner. 

By agreement between the two stations simple signals can be given 
by opening and closing the circuit 1, 2, 3 or 4 times, e. g., one 
stroke — sing: two strokes — speak, ete. 

I telegraph words by numbering the letters of the alphabet and 
communicating their numbers. 

1 stroke A, 
strokes B, 
3 strokes C, 
4 strokes D, 


5 strokes E, ete. 


bo 
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Z would consequently be indicated by 25 strokes. 

But these numbers of strokes would take too much time and _ not 
be sure in counting. Therefore I put a dactyl for evety 5 strokes, 
hence 

— UU for HE, 
—U U and 1 stroke for F, ete. 

Z: -UU —UU - UU -UU-UJU, which is quicker, and more easily 
executed and better understood. 

Still better is it to indicate the letters by numbers which are in 
inverse proportion to the frequency of their occurrence. 

9 AuGuUST, 1863, FRIEDRICHSDORF, 0. Hompure, v. d. HOHE. 

PHIL. REIS, 
Teacher of A. L. Garnier’s Boys’ Institute. 


No. 28. — DINGLER’s POLYTECHNISCHES JOURNAL, Stuttgart, Vol. 
CLXIX., p. 23. 
(This is a reprint of the Legat Article, No. 12, supra.) 


No. 29.— B trreer’s PotyTrecuniscues NotrizBiatr, 1863, No. 15, 


p. 225 


mm tle 


(A copy of this article is printed next below, as No. 30.) 


No. 30. — DinGLer’s PoLyTECHNISCHES JOURNAL, Stuttgart, Vol. 
CLAIX., p. 399. 
CONCERNING THE IMPROVED TELEPHONE. 

In the meeting of the Physical Society, held on July 4, at Frank- 
fort-a-M., a member of the society, Mr. Philip Reis, from Friedrichs- 
dorf, near Homburg before the Heights, exhibited some of his 
improved telephones (Apparatus for the reproduction of Tones at any 
desired distance by means of the Galvanic Current). It is two 
years since Mr. Reis first gave publicity to his apparatus, and 
although the performances of the same in their simply primitive 
form were astonishing, yet they had this great defect, that experi- 
menting with the same was possible only for the inventor. The in- 
struments exhibited in the above-mentioned meeting scarcely re- 


minded one of the earlier forms. 


ww 
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Mr. Reis has striven to give the same a form pleasing to the eye, 
so that they now will worthily fill a place in every physical cabinet. 
This new apparatus can now be easily inanaged (worked) by every 
one, and works with great certainty. Melodies sung quite lightly 
at a distance of about three hundred feet were reproduced by the in- 
strument set up much more distinctly than formerly. The musical 
scale was especially sharply reproduced. 

The experimenters could even reproduce words, although, indeed, 
only such as had been often heard by them. 

In order now that others, less experienced, may be able to even 
make themselves understood through the apparatus, the inventor has 
fixed at the side of the same a small, yet, according to his explana- 
tion, entirely sufficient arrangement, whose speed of communication 
indeed is not so great as that of the more recent telegraphs, but 
which works very surely, and assumes no especial skill, in the per- 
son working it. We would call the attention of gentlemen busying 
themselves with physics to the fact that the inventor now has thi: 
interesting apparatus manufactured for sale under his supervision 
(the principal [important] parts he makes himself), and the same 
can be had of him directly or through the instrument maker, Wil- 
helm Albert, at Frankfort-on-the-Main, in two qualities, differing 
only in outward finish, at 14 and 21 florins, respectively (Béttger’s 
Polytechn. Notizblatt, 1865, No. 15). 


No. dl. 
Ph. Lters Improved Telephone (DINGLER, CLAILX., ODD). 


Dit ForRTSCHRITTE DER Piiystk, Berlin, 1863, p. 96. 


Herr Reis is said to have improved, quite essentially, his tele- 
phone. With the former instrument, experimentation was possible 
at the hands of the inventor himself,, only. 

The instrument (to be had at Albert's, in) Frankfurt-a-M., for 
14-21 fl.) has now, it Is reported. a shape more pleasing to the eye, 
and can be operated easily by any one. At a distance of three hun- 
dved feet, tunes were reproduced far more distinctly than ever before. 
The scales are reproduced with peculiar precision. The experi- 
menters were able even to communicate words, only such, however, 


as had been already often heard by them, 


\ § \ 6 KOENIG’S NOTE ON ACOUSTIC TELEGRAPHY. 


No. 32.— Tue Mepicat Press, Dublin, Vol. L., No. 1293, p. 471, 
Wednesday, October 14, 1863. | 

An extraordinary invention has been planned and_ perfected, 
—namely, telegraphing by voice to vast distances, say between 
London and Liverpool. The operator places his mouth to the tube 
in front of the instrument and sings a note, when immediately the 
membrane begins vibrating, in accordance with the note sounded, 
:nd causes the iron core in the receiving instrument at the other end 
to be magnetized and demagnetized a number of times equal to the 
number of vibrations of the membrane, and so conveys to the 
receiver an impression of 2 musical sound the same as transmitted 
at the other end. This, it is hoped, will extend from vocal tones to 


verbal tones. 


No. 33.— Cosmos, LES Monpes. REVUE HEBDOMADAIRE DES 
SCIENCES ET DE LEURS APPLICATIONS AUX ARTS ET A L’INDUS- 
TRIE, Redigé par Vabbé Moigno, Paris, Vol. X-XIII., p. 705, 
December 25, 1863. 

[A weekly Review of Science and its Application in the Arts and Industries. Ed- 

ited by the Abbé Moigno, Paris. ] 

(Nore. — Before the issue of Vol. XXXIII., the title of this periodical was 
Les Mondes. } 

Note by M. lvoenig. 

Acoustic Telegraphy. There has been introduced and constructed 
in England, an electric telegraph apparatus which permits the notes 
of the human voice to be transmitted from one point to another 
very distant one. The operator places- himself before the instru- 
ment and sings into the tube any note whatever. A membrane 
stretched near to the tube, so as to vibrate under the influence of the 
note sung, is put in connection by a wire conductor with another 
membrane placed in the same conditions at the station to which one 
speaks 

The number of the vibrations of the first membrane corresponds ex- 
actly to the opening or the interruption of the electric current transmit- 
ted by the wire conductor to the opposite membrane ; this one under 


the influence of the current, vibrates in unison with the first and ren- 


ders a'soa sound identical with the sound sung. There is but one more 
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step to make, adds the Dublin Medical Press, and one will be 
able to speak, in the proper sense of the word, from one end of the 


arth to the other. 


No. 34. ZAEITSCHRIFT DES ARCHITECTUR UND INGENIEUR VEREINS, 
Vol. XII., p. 147. 
[Journal of the Society of Architects and Engineers for the Kingdom of Hanover, 
Vol. XII., p. 147, 1866. ] 


The Dublin Medical Press publishes an article upon the new ap- 
paratus which permits the sound of the human voice to be transmit- 
ted to remote places. A person speaks into a tube near which a 
membrane is stretched; the vibrations will be carried through the 
conducting wire to a similar membrane at the receiving station 
(“End station”). By means of the same vibrations the same 
sounds will be produced, and so shall it be possible, in fact, to carry 
ona conversation with another part of the world. Compare this 


report with Dinegler’s, Part 4, 1864. 


No. 35. 


Zia, No. 51. 1863. 


ae 
< 


Dik GARTENLAUBE, ILLUSTRIRTES FAMILIENBLATT, Leip- 


ectias 
1868. | 


[An lustrated family paper of Leipsic, No. 51, Decem>er, 


Der Musiktelegraph ( The Musical Telegraph). 

The surprising results in telegraphing’ have often excited the 
question whether it nay not he possible to communicate the language 
of sound itself to a distance. The trials made in this direction had 
till now produced no satisfactory results, because the vibrations of 
sound-conductinge bodies soon diminish: sv much in foree that they 
are no more perceptible for our senses. 

People, perhaps, had already thought of a reproduction of sound 
at certain distances with the aid of the electric current, but those 
who have been the best fitted to attack the question, by their knowl- 
edge and resources, were the ones who doubted the most of prac- 
tical solution of that question. Those who are but superficially ac- 


quainted with natural science do not see the many difficulties this 
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problem offers, if they are at all acquainted with it. Thus, about 
eleven years ago, a young man, Mr. Philip Reis, at present teacher 
of natural science at the Garnier Institute for Boys, at Friedrichs- 
dorf, near Homburg, had the hardihood to work at the solution of 
this problem. But soon he was obliged to desist from it because his 
very first effort seemed to convince him of the impossibility of a 
solution. Later, however, after further studies and many experi- 
ments, he saw that his first effort was but a rudimentary one, and by 
no means convincing. However, he did not recommence to attack 
the question seriously for some time, not feeling himself strong 
enough to vanquish the obstacles on his road, although he never ban- 
ished his early idea entirely from his thoughts. 

How can a single instrument reproduce simultaneously “the com- 
bined effects of all the organs active inhuman speech ”? This seemed 
to him the chief question. Later he put this question more method- 
ically : “ How does our ear perceive the composite vibrations of all 
the organs of speech acting at the same time?” or, expressed more 
generally, “How do we perceive the vibrations of several bodies 
sounding simultaneously?” If we throw a stone into quiet water, 


there are produced on the surface uniform waves which progress 


symmetrically outward ; the further they go the weaker they become, 


till they finally disappear. 

It is quite similar with that what we call sound and tone. A 
body made to vibrate through any impulse affects the surrounding 
air, ard causes waves in it, which follow each other at the same rate 
as the vibrations of the body. As those rings on the water consist 
in swellings and depressions, so also the vibrations of the air consist 
of alternate condensations and rarefactions. If they reach our ear, 
every condensation presses the tympanum towards the interior of 
the cavity, and puts in motion the adjacent group of small bones 


which communicates the motion to the liquid of the cochlea, in which 


the auditory nerves terminate. The latter are excited and produce 


the sensation of sound. 
Now, if the waves of vibration follow regularly and with a certain 
swiftness (sixteen in the second at least), we shall have the sensa- 


tion of a musical fone. The latter is the higher the quicker the con- 
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densations follow each other, and the louder the stronger or higher 
the waves rise, as it were. 

Our ear cannot perceive anything except condensations and rare- 
factions, wave crests and wave hollows. And, nevertheless, we 
receive the most varied auditory impressions, we distinguish the 
sound of the voices, we hear at the same time in quite different direc- 
tions and ean distinguish the different sources; nay, in a complete 
large orchestra, each of the numerous instruments Is specially noticed 
by its peculiar sound, so that we decompose at every moment the 
total impression into its several parts, according to the height and 
depth, strength and weakness, or according to the Umbre (or qual- 
ity) [ Klangfarbe ]. 

Referring to our simile, this is about the same as if we throw two 
or more stones at different places into a calm pond. The wave lines 
cross each other, strengthen each other at some points, weaken each 
other at others, and the surface has a ruffled, hillocked aspect. But, 
nevertheless, our eye can detect the different systems of rings, and 
can trace them back to their several causes. If we succeed in trans- 
mitting with the galvanic current the oscillations of a sounding body 
to a distance, so that there another body is put to equally rapid and, 
in respect to each other, equally strong oscillations, the problem of 
“ telephoning ” is solved. 

For then exactly the same phenomena of waves are called forth 
on the distant points as the ear receives at the place of origin ; there- 
fore they also must make: the same impression. The ear will distin- 
vuish at the distant points not only the single tones, according to their 
varying height and depth, but also to the proportionate force of the 
vibrations, and not only single melodies, but the performance of a 
whole orchestra; yes, even speech must be heard at the same time 
in places very distant from each other... Mr. Reis was the first one 
to prove by experiments the possibility of solving this problem. He 
has succeeded in constructing an apparatus to winch he gives the 
name Telephone, and which enables one to reproduce tones, with the 
aid of electricity, at any given distance. Already, in October, 1861, 
he made rather successful experiments with a very simple, rudely 
made apparatus, before a numerous audience at Frankfort. On July 
4th of the present year he presented an essentially improved appare 
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tus at an assembly of the “ Physical Union,” which transmitted by 
closed doors and windows a melody sung moderately loud, to a dis- 
tance of about three hundred feet, so that it could 4e heard plainly. 

In order to give an opportunity to larger circles, especially to 
scientific men, to convince themselves of the efficiency of this essen- 
tially improved apparatus, Professor Béttger, of Frankfort-a-M., 
made lately (at an assembly of German physicists and doctors in 
Stettin, in the sectional meetings for natural sciences) several exper- 
iments which certainly would have been crowned with still more 
success if the hall in which the session was held had been located 
in a less noisy part of the city and filled with a less numerous 
audience. 

Although, for the present, we are not so far along as to be able to 
converse with a friend at a distance of several hundred miles, so 
much at least is certain, that with the aid of the telephone, songs of 
all kinds, melodies, especially in the middle registers, can be repro- 
duced most clearly at unlimited distances. These wonderful results 
are obtaimed with the following simple apparatus, which we show 
here in one fourth of its size : — 


C 
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A small box A (the telephone proper), a kind of hollow cube, has a 
mouthpiece 5 on the front side, and a somewhat smaller opening on 
the upper side of the box. The latteris closed with a fine membrane 
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(skin from the intestines of a hog) tightly stretched. A narrow 
strip of platina m, connected with the screw post ¢, touches directly 
the membrane on its centre; a slender platina point /’, attached to 
the angle a4, touches the strip of platina which rests on the mem- 
brane. If one sings into the mouthpiece S (by filling the same 
entirely with the mouth), the thin membrane vibrates and the attached 
platina strip receives likewise a vibrating motion so that it is alter- 
nately pressed against and leaves the platina point /. 

From the binding post ¢, which communicates with the platina 
strip resting on the membrane, a conducting wire is connected with 
one of the poles of a galvanic battery B (about three to four six- 
inch Bunsen elements), and then the electricity is led through cl 
wire attached to the second pole of the battery to the distant station 
C; there at ¢ it passes through a coil / / formed of copper wire 
covered with silk thread, then back again to serew /, and there to 
the platina point #4. At every vibration of the membrane an inter- 
ruption of the electric current [unterbrechung des electrischen 
Stromes | takes place by the platina point parting from the platina 
strip. 

Within the wire coil at station C is a thin iron wire (a strong knit- 
ting needle) which is about ten inches long, and which with its two 
ends projecting out of the coil for about two inches, each rests on two 
bridges of a sounding box. This is the reproducing apparatus. 

At every interruption of the current [Unterbrechung des Stromes ] 
in the coil the iron rod is made to vibrate. If the motions follow 
with a certain rapidity they produce a tone which is rendered audibl 
by the sounding box. As the rate of the interruptions depends on 
the pitch of the tone that has been sung inte the mouthpiece, the 
same tone is sounded with the same pitch from the sounding box. 
The length of the circuit has no influence upon this. It is true the 
electric current loses force the farther it goes, but there is no reason 


why relays should not be employed, the same as in telegraphing, and 
with their aid any number of reproducing apparatuses be set into sim- 
ultaneous vibrations. Mr. Reis has endeavored to give to his im- 
proved apparatus a form which should also be pleasing to the eye, 
so that it might fill worthily its place in any physical laboratory. 


He has applied, moreover, to the side of the telephone, as well as to 
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tus at an assembly of the “ Physical Union,” which transmitted by 
closed doors and windows a melody sung moderately loud, to a dis- 
tance of about three hundred feet, so that it could be heard plainly. 
In order to give an opportunity to larger circles, especially to 
scientific men, to convince themselves of the efficiency of this essen- 
tially improved apparatus, Professor Béttger, of Frankfort-a-M., 
made lately (at an assembly of German physicists and doctors in 
Stettin, in the sectional meetings for natural sciences) several exper- 
iments which certainly would have been crowned with still more 
success if the hall in which the session was held had been located 
in a less noisy part of the city and filled with a less numerous 
audience | 
Although, for the present, we are not so far along as to be able to 
converse with a friend at a distance of several hundred miles, so 
much at least is certain, that with the aid of the telephone, songs of 
all kinds, melodies, especially in the middle registers, can be repro- 
duced most clearly at unlimited distances. These wonderful results 
are obtained with the following simple apparatus, which we show 


here in one fourth of its size :— 


B 


C 
SX 


eS 


A small box A (the telephone proper), a kind of hollow cube, has a 
mouthpiece S on the front side, and a somewhat smaller opening on 


the upper side of the box. The latter is closed with a fine membrane 
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(skin from the intestines of a hog) tightly stretched. A narrow 
strip of platina m, connected with the screw post ¢, touches directly 
the membrane on its centre; a slender platina point /, attached to 
the angle a, touches the strip of platina which rests on the mem- 
brane. If one sings into the mouthpiece S (by filling the same 
entirely with the mouth), the thin membrane vibrates and the attached 
platina strip receives likewise a vibrating motion so that it Is alter- 
nately pressed against and leaves the platina point /. 

From the binding post 7, which communicates with the platina 
strip resting on the membrane, a conducting wire is connected with 
one of the poles of a galvanic battery B (about three to four six- 
inch Bunsen elements), and then the electricity is led through cl 
wire attached to the second pole of the battery to the distant station 
C; there at 7 it passes through a coil / / formed of copper wire 
covered with silk thread, then back again to screw 7, and there to 
the platina point 4. At every vibration of the membrane an inter- 
ruption of the electric current [unterbrechung des electrischen 
Stromes] takes place by the platina point parting from the platina 
strip. 

Within the wire coil at station C is a thin iron wire (a strong knit- 
ting needle) which is about ten inches long, and which with its two 
ends projecting out of the coil for about two inches, each rests on two 
bridges of a sounding box. This is the reproducing apparatus. 

At every interruption of the current [Unterbrechung des Stromes | 
in the coil the iron rod is made to vibrate. If the motions follow 
with a certain rapidity they produce a tone which is rendered audible 
by the sounding box. As the rate of the interruptions depends on 
the pitch of the tone that has been sung into the mouthpiece, the 
same tone Is sounded with the same piteh from the sounding box. 
The length of the circuit has no influence upon this. It is true the 
electric current loses force the farther it 2OCS, hit thie re Is no reason 
why relays should not be employed, the same as in telegraphing, and 
with their aid any number of reproducing apparatuses be set into sim- 
ultaneous vibrations. Mr. Reis has endeavored to give to his im- 
proved apparatus a form which should also be pleasing to the eye, 
so that it might fill worthily its place in any physical laboratory. 


He has applied, moreover, to the side of the telephone, as well as to 


\ 
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the' reproducing apparatus, a small telegraph arrangement, which is a 
very good addition for convenient experimenting. (It is indicated 
in the drawing by the letters e fig.) By alternately opening and 
closing the circuit with the key e or i the most varied signals may 
be given after mutual agreement; for instance, if one is ready for 
singing ; if everything has been understood; whether one should 
stop singing or commence anew, etc. 

Mr. Reis himself manufactures the principal parts of the telephone, 
for which no small amount of physical knowledge and experience is 
necessary. The mechanician, Wilhelm Albert, at Frankfort, 1s 
charged with manufacturing the less important parts and the ex- 
ternal outfit, as well as with the sale of the instrument at a low 


price. 


No. 36.— Cosmos, Vol. XXIV., pp. 349, 352. Published at Paris, 
March 22, 1864. 
[For full title of this periodical, see No, 33, supra. | 
GENERAL PHYSICS : ACOUSTICS. 
The Acoustic Telegraph or Telephone of Mr. Th. Ries. 

In 1837 Mr. Page observed for the first time the phenomenon of 
the production of sound by electricity, when the poles of a magnet 
were rapidly brought near to and moved away from a helix of insu- 
lated conducting wire through which an electrical current was pass- 
ing. M. Delezenne produced an analogous effect by turning an 
armature of soft iron before the poles of a magnet. The particular 
phenomenon with a helix was observed separately by MM. de La Rive, 
seatson and Marriani. Each of these physicists made upon this 
subject their own special remarks. M. de La Rive attributed the sound 
produced to the kind of shock which took place upon the sudden dis- 
placement of the molecules at the moment when the current produced 
its appropriate action. It would therefore be possible to increase 
the intensity of the effect produced by multiplying the intermittences 
in the passage of the current. It is in this way that the learned 
professor of Geneva was able to produce a sound both clear and 


prolonged, from a cylindrical mass of iron ten centimetres in 


diameter and weighing ten kilogrammes. M. Marriani recognized, 


j ye 
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on his part, that the sound created by a bar of iron placed in these 
conditions was the same as that which it would give forth if it was 
thrown into vibration by blows which affected it at its extremity. 
None of the non-magnetic metals produced any effect of the kind. 
As to the coercitive foree, M. Marriani establishes that a bar of 
steel, well tempered, would make no sound, but that on the con- 
trary the phenomena manifested itself when it was annealed. M. 
Beatson and M. de La Rive observed also that an intermittent 
current passed through a stretched wire made it produce [rendu] 
a sound identical with that which it would give forth if it were 
placed in the interior of a helix. According to M. de La Rive, 
the sound was more intense as the wire was made shorter and 
according as its electrical resistance came nearer to that of the 
battery employed. 

M. Wertheim rendered sensible to the ear the vibrations which 
result from the passage of a discontinuous electric current through 
a rigid bar. 

In these various experiments, in addition to the musical sound, the 
observer perceived a succession of blows (/atlements) which coin- 
cided with the interruptions of the current. M. de La Rive com- 
pared them to the noise which drops of rain made on falling upen a 
metal roof. These successive blows would even be obtained on 
operating upon magnetic metals reduced to a powder. The sound 
produced by iron when the current passes in the magnetizing helix 
is explained by M. de La Rive as follows :— 

"The current tends to place the molecules of the iron in a longi- 
tudinal direction; these tend to return afterwards to their normal 
position, hence the vibrational movement which gives rise to the 
sound.” | 

It is on the basis of these facts that Mr. Ries has constructed the 
telephone or acoustic telegraph. Fantastic minds have singularly 
exalted the qualities of this apparatus: they have undertaken to 
indicate for it at once an othce which it is far from being able to fill. 
The exaggerations of these illusions have been demonstrated to us 
by experiments which we have just made at Mr. Koenig’s establish- 


ment with an apparatus constructed in Germany, under the supervis- 


() 
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ion of Mr. Ries. This physicist has constructed his telephone in the 
following manner : — 

The transmitter (manipulator) is represented by a rectangular hol- 
low box. One of the sides of this is provided with a mouthpiece 
| enbouchure] intended to receive the note which was to be transmitted. 
The upper surface of it consists of a membrane suitably stretched, on 
the centre of which is fixed a strip of platinum, which is in electrical 
connection with one of the poles of the battery. Above this there 
is placed a second and movable strip which, when the instrument is 
not in operation, rests on the first by a fine point making contact by 
a fine point, also of platinum. It will readily be understood that if 
the membrane vibrates, it will throw up into the air the movable 
strip, which will again fall back into place. Hence oscillations 
which will correspond in number exactly with those of the mem- 
brane. The receiver is composed me of a Inaenetictrerstetix, 
in the interior of which is placed_: cr of soft iron; the whole 
. mounted on a reson: ming [renforcant ] box. When the apparatus 
_— oe ye at these two instruments are placed in the 
“— Avith an ordinar y line battery. The operation of the instru- 
att is easy to understand. The vibrations which the operator 
placed in front of the mouthpiece impresses upon the air enclosed in 
the box of the transmitter are repeated by the membrane ; and Just 
as a style fixed on this membrane (as tn the phonautograph) would 
write these vibrations upon a paper covered with lampblack, so in the 
same manner the electrical contacts are successively established and 
broken between the two strips of platinum. Hence, there is caused 
in the coil of the receiver a number of intermittences or interruptions 
in the passage of the current, which is necessarily equal to the number 
of vibrations of the membrane of the transmitter. Now, since each 
intermittation causes one single shock, a series must necessarily pro- 
duce a sound identical in piteh with that produced at the mouthpiece 
of the transmitter. Would not the telephone of Mr. Ries be an 
admirable instrument if it realized absolutely the promises which its 
theory holds out? Without prejudging the future, we must recog- 
nize that it has not vet done so. When one sings the musical scale 


at the transmitter, there needs an ear well trained to distinguish the 


sound repeated by the receiver in the midst of the vibrations which 


agitate it. For ourselves we have been only able to recognize the 


ear 
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successive rise of pitch of these rapid roulades; but perhaps a 
musician would be able to recognize amongst them a dominant note. 
The model, however, of which we speak, had in its construction 
several causes of error; and Mr. Koenig, so justly recognized in 
matters of acoustics, intends to study out the improvements of 
which this telephone is susceptible. 

Let us mention some of the principal of these causes of error: It 
may be that the membrane will not at every moment vibrate with the 
same degree of amplitude, and this will consequently occasion some- 
times a failure to make contact ; if the sound produced by the ope- 
rator at the transmitting end does not vary much, the contact may 
he prolonged. The remedy for this defect is in substituting for the 
voice of the operator a tuning fork, arranged to vibrate, for example, 
by a battery [mune Pun susteme trembleur | ; then a note would be 
produced which would be better defined, but always very feeble. As 
to improvements which would be of a nature to render this telegraphi: 
apparatus practicable, Mr. Koenig is well fitted to find them. We 
already know certainly that the intensity of the sound increases as a 
softer iron is used, because in that case the molecules have more 
freedom of motion than they had in the hardened tron or in steel. If 
the iron core is magnetized by the inflence of a permanent magnet, 
or by another coil, its sound is more intense when the intermittent 
current is sent in such a direction as to produce « demagnetizing 
effect upon it, aud it is less intense when the current is sent through 
the helix in such a direction as to Increase the magnetism. The 
reason is, that in this last case the molecules are in advance, in a 
position already very near that which the current can compel them 
to take. Too much tension in the core also makes the sound more 
feeble, for the molecules having been already placed in a forced 
position, are less free to receive further motion. The electrical 
transmission of musical sounds is therefore a problem of which the 
true solution has not yet been found: and all the magnificent 
promises which have been made and published on the subject of 
acoustic telegraphy seem to us still to belong to the region of 


illusions. 
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No. 37. — PorTEFEUILLE ECONOMIQUE DES MACHINES, Paris, 1864, 
Vol. IX., p. 101, Velegraphic Review. 


Ries’ Acoustic Telegraph. 

In the February number, 1864, of the “ Nouvelles Annales de la 
Construction,” we have mentioned a new system of telegraphy which 
aimed at nothing less than to transmit sounds with the greatest purity. 

Since that time, frequent reference was made to this discovery. 
We are also desirous to inform our readers precisely upon this ques- 
tion in describing. to them the telephone of Mr. Ries, and in pre- 
senting the results of experiments which we have made in common 
with Mr. Koenig, upon an apparatus made under the control [con- 
trolé| of the inventor himself. 

The phenomenon, observed by many physicists, will be remem- 
bered. A bar of soft iron being placed within a helix commences 
to vibrate as soon as the wire is traversed by an electric current, 
and if, with the help of an interrupter, the passage of the current is 
broken, the succession of partial noises gives place to a sound, the 
pitch of which depends upon the number of interruptions produced 
at the time. Based upon this fact, Mr. Ries has constructed his tele- 
phone, or acoustic telegraph. 

The transmitter [manipulateur] is represented by a hollow, rec- 
tangular box ; one of the lateral faces is furnished with a mouthpiece 
intended to receive the note for transmission ; the top Is a membrane 
suitably stretched, at the centre of which is fixed a strip of platinum, 
which is placed in communication with one of the poles of the bat- 
tery ; above this is placed a second movable strip which, when at 
rest, presses upon the other by a fine point, also of platinum. = It 
will be seen that if the membrane vibrates, it will toss the movable 
strip into the air, which will fall back again; now follow a number 
of oscillations, which exactly correspond to those of the membrane. 

The receiver is composed merely of the magnetizing helix, within 
which is fitted a soft iron bar; the whole is mounted upon a reso- 
nant re-enforcing box. At the moment of operating, the two instru- 
ments are placed in the circuit of an ordinary line battery. The 


working of the apparatus is easy to understand; the vibrations 
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impressed upon the air enclosed within the box of the transmitter, 
by the operator placed before the mouthpiece, are repeated by the 
membrane ; in consequence, the contact ts made and broken succes- 
sively between the two platinum strips; now follow a number of 
interruptions in the passage of the current through the receiving 
helix, which must be equal to the number of vibrations of the mem- 
brane of the transmitter. Now, since a single break produces but 
a simple jar, a series ought to produce a sound identical in_ pitch 
with that made at the mouthpiece of the receiver. 

The telephone of Mr. Ries was an admirable instrument if it ful- 
filled completely the anticipations of the theory. Without prejudg- 
ing the future, it must be admitted that it is not so as yet. When 
the musical scale is produced at the transmitter, it requires a well- 
trained ear to recognize the sounds which the receiver repeats amidst 
the tremblings which agitate it. Moreover, the model of which 
we speak is exposed to numerous sources of error; the membrane 
cannot, at certain moments, vibrate with the same amplitude, thus 
causing at times omissions of contact. If the sound is uttered close 
to the transmitter, the contact will be prolonged. This defect may 
be cured by substituting for the voice of the transmitting operator 
a tuning-fork, provided with a rheotome; the note is then much 
clearer, yet always very feeble. 

Thus, the electric transmission of musical sounds is a problem of 
which the true solution has not as yet been found, and the promises 
which have been published on account of the acoustic telegraph are 


yet to be realized. 


ERNEST SAINT-EDME, 
P’reparateur de Physique 


Au Conservatoire des Arts ef Metiers. 


No. 38. AMTLICHER BERICHT UBER DIE NEUN UND DREISSIGSTE 


VERSAMMLUNG DereutscHER NATURFORSCHER UND ARZTE IN 


GEISSEN IM SEPTEMBER, 1864, p. 84. 
[Official Report of the Thirty-ninth Conference of German Naturalists and Physi- 
cians, at Giessen, in September, 1864. | 
“Afternoon sitting, 21st September, 1864. Prof. Buff speaks 
about the tones of iron and steel rods when magnetized, and exhibits 


the corresponding experiments. 


hy 


é 
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“Dr. Reis demonstrates his telephone, gives thereupon an expla- 
nation and the history of this instrument. 

* Prof. Poggendorff produces tones in a metal cylinder, the slit-up 
edges of which touch one another firmly, and which is placed loosely 
round an induction bobbin through which there goes an interrupted 
current.” : 

[The foregoing is the translation given in 8. P. Thompson’s book, 
p. 94, and there entitled “ Extract from the Report of the German 


Naturalists’ Society, held at Giessen (1864).” | 


No. 39. — ProceEDINGS OF THE LITERARY AND PHILOSOPHICAL SO- 
crety OF MANCHESTER. Published at Manchester, 1865. 


PHYSICAL AND MATHEMATICAL SECTION. 
NoOvEMBER 10, 1864. 

Joseph Baxendell, F. R. A. S., president of the section, in the 
chair. | 

Professor Clifton exhibited an acoustical electric telegraph by 
which a note, sounded at one end of the line, is reproduced at the 
other end. 

He also pointed out the principles involved in the construction of 
this telegraph, viz. : — 

First. The production of a sound whenever a current of sufficient 
strength commences to circulate around an electro-magnet, or ceases 


? 


so to circulate. 

Second. The vibration of a stretched membrane in accordance 
with a note sounded near it. 

With respect to the second principle, Professor Clifton drew at- 
tention to the fact that the researches of MM. Bourget and Bernard, 
in agreement with the mathematical investigations of Poisson and M. 
Lamé, show that a given square membrane will not vibrate in accord 
with any note, as stated by Savart. As the same is probably true 
of circular membranes, such as-that used in this telegraph, it follows 


that only certain notes are capable of being transmitted by one in- 


strument. 
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No. 40.— ANNALEN Der CuemMIE UND PHARMACIEF, Leipzig, 1864— 
1865, III., Supplementband, p. 134. 


[Fo ot-note of an article by H. Buff, cntitled ‘‘On .u.e Tones generated in Iron Rods 
by the Electric Current.” | 
ARTICLE ITSELF COMMENCES ON P. 129. 


[ Translation. | 

“This tone, appearing only as a secondary phenomenon, has 
been utilized with suecess by Dr. Reis of Friedrichsdorf in the 
instrument which he invented and named ‘the telephone,’ for 
transmitting tones telegraphically by means of the periodic impact 
of the sound waves of the same against an elastic skin. 

“The arrangement is such that the skin, which vibrates in equal 
periods with a source of sound acting upon it, serves as a means 
for interrupting the electric current, which, at a distance, circu- 
lates around an iron wire, the ends of which are clamped upon a 
resonating plate. 

“Unfortunately, by this otherwise ingenious arrangement, the 
pitch only of musical tones within several octaves, but not the 
quality [Wohllaut] of the same, could so far be transmitted 


through wire circuits.” 


KoENIG’s “ CATALOGUE DES APPAREILS D’ ACOUSTIQUE,” 


No. 41. 
Paris, 1865, p. 5. 
29. TELEPHONE OF M. Rers. 60 Fr. 

This apparatus is intended to transmit sounds to a distance by 
means of electricity. It rests upon the fact demonstrated by the 
preceding apparatus. [The preceding apparatus was the Werthetu 
cou and COre, which Reis uses for a recewer. | 

At the first station the current traverses a little band of platinum 
which is attached to a membrane in such a way as to follow all its 
moveirents, and of a very movable point, which rests lightly upon 
this membrane. At the other station the current traverses a coil, at 
the centre of which is a bar‘of soft iron. If now we produce before 
the membrane a sound which causes it to vibrate, each vibration in 
pushing away the point from the platinum plate will produce an 
interruption of the current. On the other hand, each making of the 
current will produce in the bar of soft iron at the second station a 


momentary and weak sound. It is the rapid and isochronous suc- 
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cession of these sounds, all acting as simple blows, which produces 
the continuous sounds that are heard. It is true that they are not 
of good quality and that they cease from time to time. This comes 
from the fact that the membrane does not vibrate equally well for 
all tones, and because the manner in which the vibrations determine 
the interruption of the current, by pushing the little point away from 


the plate, is far from being perfect. 


No. 42. — Pisko, Die NEUEREN APPARATE DER AkustIK, Wien, 
1865, pp. 94 ef seq. 

[Page 94.] 51. (a.) Principle of the Telephone of Reis. The 
© Telephone” of Reis (Fig. 60) is related to the Membrane-Pho- 
nautograph. The round end s of a light strip of platinum 7 s is fast- 
ened upon the membrane 7 m with wax in such a way that the strip 
of platinum can make all of the vibrations of the membrane with it. 
Very near to this end s of the strip of platinum av s is a platina 
point fixed so that it is touched by the strip of platinum as this 
vibrates with the membrane. If we suppose the outer end n of the 
platina strip 2s and the platina point to be connected with the poles 
of a battery, then a current is established or broken by the vibration 
of the membrane, according to its phases. An electro-magnetic bell 
or an electro-magnetic telegraph introduced in this circuit would trans- 
mit to a distance indications that some one was speaking, but they 
would, self-evidently, not be able to make known what was spoken. 

(b.) It is well known that an iron wire, surrounded by strong gal- 
vanie currents frequently broken, is made to sound forth tones which 
may be longitudinal or transverse, or both at the same time. Reis 
introduced such an iron wire lying ina multiplying coil at the second 
station C. This produced tones, if the membrane was caused to 
vibrate by singing or talking into (S, Fig. 60) the hollow, cubical 
part A. In my experiments with the telephone the rod never 
changed its pitch even with the most different tones and sounds 
[Tone und Klinge] and always produced only the rhythm of 
the words sung or spoken at S into the part A. The aria of the 


song sung into the instrument could generally be recognized from the 


rhythm. The experiments, with special reference to this, are recited 


—_— 


| (li 


in § 53. But this much is evident already, that time must yet 


elapse before the simultaneous concerts and singing productions 
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so ardently hoped for by the newspapers.- The apparatus of Reis 
is indeed a “Telephone,” but not a “Phonic Telegraph.” The 
only means of transmitting song and speech, and this only for 
moderate distances, is the old well-known speaking tube. But 
the experiment of Reis can always be classed with the most 
beautiful and interesting of school experiments: and as the means 
for producing it are simple, the apparatus of Reis will surely soon 
find its way even into moderately endowed institutions. That the 
sounding of the wire in the telephone is not due to acoustic trans- 
mission can be shown by cutting the coil out of the circuit; the 
sounding ceases at once. 


“1. Reis’s phonautograph was originally made of a wooden cube wiih a 
conical cavity. The smaller opening was covered with the membrane. A 
knitting needle was used as the sounding wire, which projected about two 
inches out of each side of the multiplying coil, and rested upon two bridges of 


a resonance box. The surrounding [page YG ] coil consisted of six layers 


fine wire. Fig. 60 shows the telephone as it is at present manufactured, ac 
cording to the inventor’s directions, by mechanician Albert, in Frankfurt, and 
mechanician Hauck, in Vienna. 

2. Even though the telephone cannot be used to reproduce concerts, this 
can be accomplished for moderate distances by the resonance of solid bodies, 
in narrow limits, to be sure. Pepper, director of the Polytechnic Institute. 
formed at London for amusing sciences, gave such a concert (1855) with 
Wheatstone’s method. Four of Erard’s harps stood upen the stage. Each 
had on its resonance board a short staff of pine 2 em. thick. 

** By turning the harps on their axes this staff was made to touch an exactly 
similar one, which extended into a deep cellar, and there was in contact r¢ 
spectively with the sounding board of a piano, of a violoncello, of a violin, and 
the mouthpiece of a clarinet. 

** As long as the resonance staffs touched, the concert was heard distinctly; 
but as soon as one or allthe harps came out of contact with the sound-conduct- 
ing staff, the music ceased. The character of the instruments played was, as 
a whole, preserved, only the violoncello tones being somewhat raspy.”’ 


92. Particulars regarding the Telephone. 
(«@.) It consists substantially of (Fig. 60). 
l. The transmitter A. 
2. The receiver C. 
3d. The battery B, and finally of 


4. The connecting conducting wires 
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(b.) The transmitter A is essentially a parallelepipedic body of 
wood, Its upper part « x is cut out of one piece of square section, 
the side ~ # measuring 9 cm., its height vv 2.5 em. | 

This part can be moved on the lower box A A by means of hinges. 
If we turn back the cover # ~ we shall notice a small circle cut out in 
‘¢ 3.9 em. in diameter. A brass ring, with a margin 8 mm. broad, 
fits into this hole, which is furnished with a groove like a pulley. 

Over the ring the membrane i m is stretched by a silk thread 
lying in the groove of the same. This circular membrane is sur- 
rounded by a wider circular hollow 4 6, = 8.0 em. A. shovel- 
shaped strip of platinum 7” s is placed in connection with the brass 
binding post 7, and rests by its circular piece s on the centre of 
the membrane. 

By means of sealing wax this circular part is fastened to the mem- 
brane, and is thereby compelled to accompany the membrane in its 
vibration. The farther transmission of the galvanic current from 
the centre of the membrane takes place by means of the brass anole 
ash (D, Fig. 60). This rests at s, by means of a platinum or steel 
point, upon the conducting platinum strip vs, and dips at H with a 
platinum or steel point in a mereury cup which is made in a 
screw transmitting the current [die den Strom weiter leitet]. The 
point @ serves only as a base or support for the angular prece 
« sb, which in general is supported like a tripod, in order that the 
contact point s should remain as constant as possible. The anole 
«sb is simply pushed over a projecting pin by a hole at @, until it 
remains resting on a broader lower part. From 4, the electrical 
conductor with a covered wire extends to the brass key e (A, Fig. 
G0) by a spiral wire, and from there further in the direction in- 
dicated hy the arrows. 


The under part A A of the transmitter is constructed of wooden 


boards and form a parallelepipedon whose height == 6.5 ¢m., and 
whose breadth = 7.7 em. For the reception of tones there is the 


slanting attachment S made of tin with a funnel-shaped enlarge- 
ment. 

The longer side of this attachment is 6.7 em., the shorter 4.7 em. ; 
the vertical diameter of the enlargement measures 7.15 em., the 


horizontal diameter 7.5 cm., and finally the diameter of the narrower 


cylinder 3.9 cm. 
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It is plain that, if necessary, the platinum strip can be replaced by a thin 
strip of brass, and the platinum or steel points by iron ones. Only then the 
contact points must oftener be cleaned to a metal polish. 

(c.) The receiver is in general a Gouble resonance box, whose 
upper part, “the cover,” is movable on two hinges and can be laid 
back. The length of this cover is 16.4 em., its width 9.5 cm., and 
its height 3.2 cm. The length of the under box measures 22.9 cm., 
its width 9.6 cm., and its height 2.5 em. The under part of the 
resonance box has two wooden bridges, which are separated from 
sach other 7.4 em., and serve as supports for the iron needle, which 
is 21.5 em. long and 0.9 mm. thick, and intended to produce the tones, 
The length of the spiral placed over the needle and designed for pro- 
ducing the electro-magnetism is 15 cm. ‘The wooden covers of both 
parts must be constructed as thin as possible, and the greatest 
breadth of the circular holes seen in the figure measures 135 mm. 

(d.) One ean successfully use as battery a small four-cell Smee’s 
or two larger Bunsen’s cells. The conducting line must be made at 
least so long that the exciting tones can no longer be heard | throug! 
the air]. For corresponding between the two stations, the inventor 
has arranged the electro-magnetic telegraphic apparatus e v gq h, 
easily seen and understood from the figure. Agreement can be 
easily had as to the corresponding signals, and it is simplest to 
accept the sign suggested by the inventor. (26.) 

The receiver C gives, on tapping with the key e, the corresponding 
signals by the rod E E giving out tones, while at the transmitter A 
the electro-magnet v announces the signals by means of the spring 
armature z. 

O93. Experiments with the Telephone. 

(a.) As soon as one brings his mouth to the funnelS, and sings, 
the membrane of the transmitter A falls into corresponding vibra- 
tions, and the little iron rod e e at the second station begins to give 
out tones. Every time that a spark is visible at the first station, at 
s, the rod certainly sounds at the other station. The same is true 
when the peculiar buzzing tone is perceived, which arises from the 
striking of the vibrating platinam strip upon the point of the angu- 
lar hook resting thereupon. The appearance of these sparks, or of 


the peculiar buzzing at the transmitter A, announces to the observ- 
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Tones 
S, and 
vibrate 


ers at the station A that the rod at C is giving forth tones. 
and melodies, which were sung into the sound opening 


especially clangs in which the teeth and head-bones also 


(the so-called humming tones), always produce a toning of the 


rod or needle E E, and indeed, as already mentioned (§ 51), with- 
out change of pitch, only with the reproduction of the rhythm of 
the respective song or words. 

The pitch of the tone excited at C in the rod E E was, in the ap- 
paratus at my disposal, 2’, its strength not very remarkable and its 
quality [Klang] buzzing like that of the tone of a weak-sounding 


reed-pipe (something like a child’s trumpet). The skin lying 


about the pericardium of the smaller and even the larger mammals 
(calves, etc.) makes the best membrane,—gold-beater’s skin repro- 


duces only the lower tones. 
The cover of the resonant box seemed superfluous in my ap- 
| . 


paratus, and the tone was indeed somewhat stronger without the 
cover. 

1. In experiments with the telephone, close attention must be paid to 
seeing if the end s of the platinum strip still sticks to the membrane, and, if 
necessary, it must be pressed upon the membrane. When this leaf will no 
longer cling, a knife blade is heated, a piece of sealing wax touched with it, 
and the melted wax thus transferred to the under side of the round end of 


the platinum strip ns. Immediately thereupon it is pressed on to the mem- 


brane m m. 

2. rom along line of experiments, which I have performed with the tel- 
ephone, I take the liberty of giving here some results: — 

(a.) A Cagniard-Latour siren with upright axis, blown near the opening S 
from the lowest to the highest tone gave no result Only when the rotating 
plate was turned directly toward the funnel-shaped sound receiver 8, and brought 
very near the same, was it twice possible with the medium tones of the siren 
to hear two short tones of the iron rod e e of the pitch h'. 

(6.) <A tuning-fork with normal tone a! aroused no tone whatever in the 
receiver C, neither when in immediate vicinity of the sound funnel 8, nor when 
laid upon it. 


(c.) A metal be : 
bow, the tone h} ordis*=d~*sharp, produced no results from the telephone, even 


when the bell was brought ever so near to the sound reed 8, or when laid upon 
it. Only when the tone h?, by means of suitable resonant tubes was very 
perceptibly strengthened, did the telephone respond weakly and shortly, and 


lk, which gave, according as it was rubbed with a strong 


indeed again with h’. 

(d.) Wooden lip pipes belonging to the scale between ¢! and c?, when laid 
with the walls of their reeds on the sound funnel S and made to give out tones, 
were not able to bring the telephone to produce tones, but they were most 
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active in respect to the telephone when the under open end of the reeds was 
brought immediately before or into the opening S of the sound cylinder of the 
transmitter A; this position may be called the ‘ first.”’ 

These pipes also worked successfully upon the telephone, when their 
mouths (the holes) were laid on* the sound-conducting opening 8S. This 
position may, from now on, be called the ** second.’’? If the pipes in both 
positions were removed only a few lines from the sound receiver S, the effee- 
tive vibration of the membrane ceased, and, in fact, in the first position sooner 
than in the second. If, however, pipes of any material of different length 
(lft. to over 8 ft.) and different widths were laid on the conducting sound 
tube, and the former pipes applied to these in the first or second position, 
the telephone eave the same results as in the immediate use of the short trans- 
mittine tube. 

(e.) The former pipes, when covered,t caused (as was to be foreseen) the 
telephone mostly not to sound at all, or only interruptedly in the first position. 
In the second position, the telephone was excited by them for the most part 
completely, seldom interruptedly. 

(f.) IT had at my disposal no pipes of the ¢? scale. ‘Tones trom the latter 
scale, which by strong blowing were excited in the pipes used by me, gave 
mostly no result, no matter what position was given to the pipe. 

(g.) A reed-pipe of tone ¢ ? with open reed [mit aufschlagender Zunge |t 
excited the rod of the telephone only when its open end was turned toward 
and brought near the sound-receiving funnel S of the transmitter. Increasing 
the tone by a resonant tube produced an interrupted tone. A like result was 
obtained with a reed-pipe of the tone ¢-} with full beat reed, only here the 
excited telephone tone was constantly interrupted. 

(h.)’ The miniature-normal-diapason, a small reed-pipe of the tone a' (com- 
pare Chap. VI.), sunk into the sound-conducting reeds, so that the mouth lay 
on the funnel, produced a clear tone in the telephone when strongly blown. 

(.) Marches drummed at A with the key ¢ ¢ were produced by the receiver 
C, and in fact, always with the tone /'. 

(k.) Singing of different melodies was always successful; the rhythm of 
speaking was only interruptedly reproduced. 

(/.) Whistling with the mouth into S had no effect, and the tone passed 
over into a higher one, probably because the vibrating column of air thereby 
became shorter. The tones f', g', a'.fis', et and «?s', produced with the mouth 
by whistling passed over into fis', gis', b', 2', cis‘ and d’ respectively, as soon 
as the mouth lay immediately before the sound receptor S. 

There was a rise in tone of half atone. Similar rise in tones is obtained by 
whistling into a cup, hat. etc. Indeed, the cutting off of the current of air 
coming f-om the mouth by the flat of the hand raises the tone in such whist- 
ling, and this can be very easily recognized by moving the hand up and down. 


* Should probably be, placed before ; the original is cbscure, viz., ‘‘an die schall- 
zuleitende Offnung S legte.” 

+ The German word is ‘‘ gedeckt,” but it is used in the technical sense, i. e., 
closed at their ends. 

t A reed which, at each vibration, closes the air passage completely; the instru- 
ment is now obsolete. 
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(m.) Since the distinct buzzing of the platinum strip on the transmitter S 
is a sure sign that the iron rod (E E) is sounding at C, there is no need in this 
respect of telegraphic communication between the stations (§ 52, d). | 
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(4.) If a comparison is made of the results of experiments with 
the telephone and those with the membrane-phonautograph, it will 
seem at first as if the latter did much too little in comparison with 
the former. This contradiction, however, rapidly disappears. The 
membrane-phonautograph also gives plain tone writings of a melody 
in the space of an octave, together with double tones and chords, and 
according to Donders, still more. Moreover, in the telephone the 
membrane is moved not only by the vibrations of that tone, by 
which, according to the laws of sympathetic vibration, it can be 
brought into vibration, but it is also mechanically raised and lowered 
by the strong condensations and rarefactions arising from the excit- 
ing tone (singing, etc.) inthe enclosed masses of air. Every con- 
densation wHl press the membrane outward, even when its deepest 
normal tone is much higher than the exciting (sung) tone. Very 
strong and thick membranes might perhaps resist this purely mechani- 
cal excitation, but they would be then not sensitive enough for real 
sympathetic vibration. In many cases (for example, in drumming 
with the key on the box, in placing the apparatus A on the resonant 
cover of a piano, etc. ), the vibration of the membrane in the telephone 
arises also only in the same way as the membrane in Konig’s pipes 
for proving the nodes of vibration (compare a later paragraph). In 
this, also, the stretching of the membrane is not necessary in order 
that the latter may show outwardly the condensations and rarefac- 
tions of the air in the pipe. 

Pipes with thin walls furnish a further proof of this. The latter 
allow trembling to be felt when touched by the hand while the pipes 
are sounding ; indeed, very thin walls deepen the tone somewhat, 
and thereby show that they are not able to resist the pressure arising 
from the condensations. 

Sand sprinkled upon walls of this kind is thrown off from the 
nodal points. If, therefore, thin strips of wood are able to imitate in 
such a manner the vibrations of the air in the pipe, although the 
proper tone of the wall may lie far from the exciting tone, this is 


certainly much more the case with a membrane. The experiments 
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with the pipes cited in the previous paragraph also confirm this, 
for they only then gave a result in the telephone when the open 
end or mouth of the pipes lay very near the sound receptor, and 
even the experiments with singing confirmed this view. Just these 
experiments show the telephone weaker in comparison with the 
membrane-phonautograph, because in the latter, when the membrane 
is tuned for a tone, the tone-writing comes, whatever position the 
exciting tone may have in reference to the sound-receiving side of 
the membrane-phonautograph, provided only it isnearenough. And 
yet it would seem that to close the battery by means of the vibrat- 
ing platinum strip on the membrane demands less strength than to 
move the little pen so that it may be able to remove the lampblack 
on the writing cylinder. The results of the few experiments with 
the telephone appear moreover to indicate that it might, perhaps, 
be more advantageous for the production of tone-writing by means 
of the membrane-phonautograph, to make the latter of. smaller 
dimensions than has been the case up to the present. In fact, Kdnig 
is already busy on new arrangements for the membrane-phonauto- 
graph. Konig already hopes a better result for the written repro- 
duction of simple sung melodies, if the wide opening of the parabo- 
loid in the membrane-phonautograph be closed by a plate which had 
a small opening for applying the mouth. 

In any case, a renewed study of the laws of the sympathetic 
vibrations of the membrane with especial reference fo both pieces of 
apparatus will be necessary. Many think that the membranes must 
vibrate sympathetically to every tone, because all the tones are heard 
by means of the membrane in the ear, but in this respect it is very 
important to note that, according to Prof. Mach (27), this may be 
brought about by a proper accommodatiou-mechanism in the ear. 
For me this supposition of an accommodation, producing varying 
tensions of the tympanum, has a high degree of probability border- 
ing on certanity. | 

Ph. Reis showed his apparatus for the first time in October, 1861, in a very 
primitive form to the Physical Society at Frankfort-on-the-Main; on July 4th, 
1863, to the same society he showed the form represented in Fig. 60. This 
time he experimented over a distance of 300 ft. Prof. Béttger introduced the 
apparatus to the Naturforscher-Versammlung, at Stettin (1863), in the Phys- 


ical Section. 
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26. Here may be the place for the prospectus which the inven- 
tor, Mr. Ph. Reis, attaches to the apparatus furnished by him and 
made by the mechanician, Mr. Albert, in Frankfurt. 

“ Telephon.” Every apparatus consists, as can be seen from Fig. 
60, page 96, of two parts, the telephone proper and the receiver C. 
These two parts are placed at such a distance from each other that 
singing, or toning of a musical instrument, can be heard in no 
other way from one station to the other except through the appa- 
ratus. 

soth parts are connected with each other and with the battery B 

like common telegraphs. The battery must be sufficient to bring 

about at station A the attraction of the armature in the electro-mag- 

net fastened at the side (3-4 six-inch Bunsen cells are sufficient for 
‘+ several hundred feet distance). 

The galvanic current goes from B to the post d, from here through 
the copper strip to the platinum-leaf on the middle of the membrane, 
then through the foot (at D, Fig. 60) of the angle to the screw 4, in 
a small cavity of which a small drop of mercury ts placed. From 
here the current goes through the small telegraph-apparatus e—/, then 
back to the key of the station C and through the spiral over ¢ back 
to B. , “ 

If now sufficiently strong tones are produced in front of the sound- 
opening 8, then through the vibrations of the same, the membrane 
and the angular-shaped little hammer lying upon it are set in vibra- 
tion; the circuit is alternately opened and closed at every full vibra- 
tion, and hereby are produced in the iron rod of the spiral at station 
C the same number of vibrations, and these are perceived there as 
tone or tone-combination (Accord). sy laying the upper box 
tightly upon the axis of the spiral, the tones at C are very much 
strengthened. 

Besides the human voice there can be reproduced (according to my 
experience) just as well the tones of good organ-pipes from F — 


c and those of the piano. For the latter purpose A is placed upon 
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the sounding board of the piano. (Of thirteen common chords an 
experienced experimenter could clearly recognize 10.) As regards 
the telegraphic apparatus attached to the side, this is clearly unne- 
cessary for the reproduction of tones, but it forms a very agreeable 
addition for comfortable experimenting. By this it is possible to 
correspond right well and surely with one’s vis-i-vis. 

This takes place somewhat in the following simple manner : — 

After the apparatus is completely set up, assurance is had of the 
continuity of the conductor and the strength of the battery by open- 
ing and closing the circuit, when at A the striking of the armature 
and at Ca very perceptible ticking of the spiral is heard. 

By quickly alternately opening and closing at A it is asked at C 
if they are ready for experimenting, whereupon C answers in the 


same manner. 


4 


Simple signals can by agreement at both stations be given by 
opening and closing the circuit once, twice, three times, or four 


times for example : — 


1 stroke = sing, 
2 strokes = speak, ete. 7 
I telegraphed words by numbering the letters of the alphabet and 


then communicating their numbers : — 


1 stroke — a, 

2 strokes — bh, 

3 strokes = e, 

4 strokes — d, 

5 strokes — e, ete. 

z would in this way be designated by 25 strokes. 

This number of strokes would, however, waste time in represent- 


ing and would be difficult to count surely, wherefore I place a dacty] 
stroke for every five strokes, then we have, 

—Q(Q0 for e, 

—(00 and 1 stroke for f, &e. 

Z—= -—00 —00 —00 —00 —00, which is more quickly and easily 
earried out, and better to understand. 

It is still better to designate the letters by numbers which are 


inversely proportional to the frequency of their recurrence. 
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No. 44. — HanppucnH bDER ANGEWANDTEN ELEKTRICITATSLEHRE, 
Von Karl Kuhn, 1865, pp. 1017-21. 
[ Manual of applied Electricity. ] 

The experiments made by Reis in Frankfurt-a-M., on the 26th 
October, 1861, have proved, however, that when the breaks of the 
current [Stromunterbrechungen ] follow each other almost continu- 
ously and very quickly in a coil provided with a thin iron core, the 
iron wire can enter into longitudinal vibrations, and in this way be 
enabled to reproduce sounds of different pitch. An exact repro- 
duction of the sounds does not take place, however, but only an 
imitation ; for this reason it cannot be questioned here of transverse 
vibrations [transversal Schwingungen]. A phenomenon [ Erschein- 
ung] has otherwise been heard of, which belongs to the afore-men- 
tioned class, in which the intensity and the timbre [Klang] of the 
sound accompanying it (the phenomenon) depend among other 
things on the strength of the current [Strom stirke] and on the 
number of breaks of the same, and in which, as it seems, the pitch 
of the tones also can vary under different circumstances. We can, 
however, hardly imagine by what arrangements it could be feasible 
to coax tones of any given height or depth out of an iron or metal 
tube split on one side, while it (the tube) is affected by the alter- 
nate currents of an induction apparatus the coil (Rolle) of which 
surrounds it. Yet the possibility cannot be controverted that the 
principle of Neef’s circuit-breaker (Unterbrecher) might contribute 
to the solution of the problem in question. It has been employed 
for local purposes either with or without modifications in the study 
and investigation of acoustic phenomena. Thus Petrina has used 
the principle of Neet’s circuit-breaker [Unterbrecher] for his electric 
harmonica in this way, that instead of the Neef hammer a little rod 
was chosen, the transverse vibrations of which rendered the tone. 
“There are four little rods of various lengths side by side, the 
motions of which are checked by means of levers managed by finger 
keys.” That principle was used previously by Dove, in a modified 
manner, t» set strained strings and elastic springs into acoustic vi- 
brations of constant amplitude by means of an electric magnet, and, 


in this way, to be enabled to investigate constant tones. It appears 
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from Legat’s published communications that “the ideas submitted by 
Ph. Reis of Friedrichsdorf in the Physical Society and in the meet- 
ings of the German Hochstift in Frankfurt-a-M. about the repro- 
duction of sounds by means of electricity ” referred to arrangements 
of a similar kind. Legat mentions in his paper all that has been 
done thus far towards the realization of that project, and we borrow 
from it that part only which throws some light on the construction 
of a telegraphic apparatus with which it is said to be’ possible to 
produce vibrations and make sounds in any desired manner and 
through which the employment of electricity is said to make it 
feasible to bring forth at any given distance vibrations similar to the 
first produced ones and in this way to reproduce at a certain place 
tones originally produced at another place. 

This apparatus is composed of a transmitter and of a receiver. 
The transmitter (Fig. 504, p. 1019) consists in a conical tube a 6 
about 15 cm. long, 10 em. at the front, 4 cm. at the back opening ; 
the choice of the material as well as a greater length is indifferent ; 
a greater width, on the contrary, is disadvantageous ; the surface of 
the interior must be as smooth as possible. The narrower back 
opening is closed by a membrane of collodion o, and on the middle 
of the circular surface formed by this membrane rests one end ¢ of 
lever cd, the fulcrum of which is held by a support and remains 
connected with the metallic circuit. This lever, one xrm ¢ e of 
which must be considerably longer than e d, should be as light as 
possible so as to follow easily the motions of the membrane, as an 
uncertain obedience [folgen] on part of lever ¢ d would produce 
imperfect tones at the receiving station. In the state of rest, the 
contact d g is shut and a weak spring m holds the lever fast at rest. 
On the metallic support f which is connected with one of the poles 
of the battery is a spring g, with a contact which touches the con- 
tact of lever c d at d and the position of which is regulated by screw 
h; over tube a 6 a disk must be placed which encircles the outer cir- 
cumference of the tube closely, so that the efficacy of the apparatus 
may not be impaired through the effect of the air waves coming round 
and striking against the rear end. This disk at right angles with 
longitudinal axis of the. tube measures about fifty (?) em. in 


diameter. The receiver (Fig. 505) consists of an electro-magnet 


ee 
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mm which rests on a sounding board, and the coil of which is in 
connection with the metallic conductors, and with the ground. Op- 
posite the electro-magnet is an armature connected with a lever as 
long as possible, but light and broad, which latter, with the arma- 
ture, is fastened pendulum-like on the support 4. Its motions are 
regulated through screw / or spring o. “In order to increase the 
efficacy of the apparatus, this receiver can be placed in one focus of 
an ellipsoidal enclosing box of suitable size, while the ear of the 
hearer is placed at the other focus.” The working of the two ap- 
paratus (the mode of connection of which is visible in the wood- 
cuts), the transmitter being placed at one station and the receiver at 
the other, is as follows: By speaking, singing, or the intromission 
of instrumental sounds into tube @ 4, in consequence of the con- 
densation and rarefaction of the column of air, a motion of the mem- 
brane ¢ corresponding to these changes is brought about. Lever 
c d follows the motions of the membrane, and opens or closes the 
circuit, according as a condensation or a rarefaction of the air inside 
takes place. As a consequence the electro-magnet m m (Fig. 505) 
is correspondingly demagnetized or magnetized, and the armature 
affixed to it (as well as the armature lever) is set into similar 
vibrations as the membrane of the transmitter. Through lever ¢ con- 
nected with the armature, similar vibrations are communicated to 
the surrounding air and (the increasing effect of the sounding 
hoard helping) the tones so produced finally reach the ear of the 
listener. In respect to the operations of this apparatus, the author 
remarks that the receiver does reproduce the exact number of the 
original vibrations, but that a reproduction of the original intensity 
has not yet been attained. For that reason, it is added, small differ- 
ences in the vibrations are appreciated with difficulty, and in the 
practical experiments made thus far, it was possible to transmit with 
astonishing faithfulness chords, airs, etce., whilst in reading, speak- 
Ing, etc., single words were more indistinctly heard. The ap- 
paratus just described is said to have been one of the constructions 
which Reis has used himself in his experiments. The underlying 
principles might give hopes of a farther improvement of the 
apparatus, but the telephone which, according to later reports, 


Reis has finally decided upon, bas the disposition represented in 
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Fig. 506, although the principle on which it is founded does not 
stand quite in harmony with the above-mentioned investigations of 


Wertheim, for instance. 
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The telephone proper A consists of a hollow wooden box provided 
with a short sound-funnel S and-the upper side of which is open in 
the centre and covered over tightly with a delicate membrane. On 
the middle of the latter a thin platinum disk is fastened, from which 
on one side a platinum strip establishes circuit connection with the 
contact of the key at e, from which place the metallic connection 
is effected with one end of the coil of a small electro-magnet pro- 
vided with a spring armature, whilst the other end is in contact 
with screw f. The reproducing apparatus C set up at the receiving 
station consists simply of a coil about six inches long formed by 


winding six layers of copper wire; in the axis of the coil athin iron - : 
wire ten inches long (a knitting needle), protruding out of each end ay 


of the coil about two inches, is so disposed that with its bridge-like 
supports it rests on a sounding board. By means of screw 7 and of 
the key at / g the coil is thrown into the circuit and the connection 
of both apparatus is effected in the manner mentioned; a battery 
being placed at B, the course of the current is easily followed out. 
It can flow from B through d ¢ and ¢ 6 to e and f, and from here to 


the receiving station, and at 7 return tothe battery, or it can start in 
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the opposite direction according as d or ¢ forms the starting point of 
the current. The circuit can be broken at will at each of the two 
stations by pressing the key lever, and a connection can be estab- 
lished thus in either direction, but the discontinuous currents which 
are to produce the sounding of the iron wire at C are obtained in 
this way: By singing or the blowing of instruments towards the 
sound-funnel S the membrane at A is made to vibrate; if this can 
he brought about, it will happen, as was demonstrated by the 
experiments, that the iron wire of the receiver assumes isochronal 
vibrations, and whenever this is the case, it reproduces the 
same tones which set the membrane to vibrating at the transmitting 
stations. 

My own experiments have demonstrated that every melody start- 
ing from ¢ and embracing the entire extent of an average male voice, 
when sung into the telephone, can be reproduced by the receiver at C. 
The timbre [Klang] or quality of the sounds thus reproduced is 
not pleasant, — they are almost like the sounds of toy trumpets, 
at times also like the buzz of a fly caught in a spider’s web and the 
like; yet the experiments of Reis are certainly interesting enough to 
challenge attention. 

A reproduction of the words spoken into the telephone with or 
without variation of pitch was audible at the receiver only in a cor- 
responding noise [entsprechendes Geriuscl |, while a discriminate 
perception of single vocal sounds, syllable or words could not be had. 
According to communications made on this subject by Reis, he has 
succeeded in reproducing the tones of organ pipes not covered, and 
those of « piano; in this latter case the transmitter was placed on 


the sounding board of the piano. 


me 
T ~ N 
No. 45. — Lenreucn per Tecrniscuen Puysik, Hessler, Wien. 
Vol. I., p. 648. | 
[Hessler’s Text-book of Technical Physics, Vienna, 1866, Vol. I., p 648. ] 
lhe subject of phonotelegraphy will end this chapter on teleg- 
raphy. This rests upon a phenomenon first observed by Page, 


afterwards confirmed by Mariani, and more exactly studied and 
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experimented upon by Wertheim; that is, that iron, under the 
influence of alternate magnetizing and demagnetizing by means of 
a galvanic helix, is set in longitudinal vibration and gives forth 
sound; and Reuss in Friedrichsdorf near Homburg showed beyond 
doubt the possibility of phonotelegraphy by means of an apparatus 
alled by him telephone (Fig. 429), consisting of two parts, — the 
actual telephone (1), and the reproduction apparatus (II), used at 
the second station at a distance. Both parts are connected with one 
another and with a battery S as in ordinary telegraphs. The 
battery S must be strong enough to work the armature A of the 
electro-magnets E, E (three or four six-inch Bunsen’s elements are 
sufficient for a distance of several hundred feet). The current 
passes from S$ to the binding screw 2, thence through the strip of 
copper nv into the disk of platinum o, resting on the middle of a thin 
circular membrane (hog’s gut), stretched across the upper end of 
the wooden box K, afterwards it goes through the foot (platinum 
point) } of the metallic angle a, 6, ¢ (this point standing on the disk 
0), into a vertical screw at @ provided with a small cavity at its 
upper end containing a drop of mercury, into which there dips a 
platinum point descending froma while the angle a, 6, ¢ rests at ¢ on 
a small metallic pillar, so as to be very easily made to vibrate about 
aandc. From this pillar (at c) the current goes through the key 
¢ and into the binding screw 2 connected with the wire leading to the 
pillar, thence through a wire stretched from this screw into the 
binding screw 3 on the apparatus II, then through the key ¢ of this 
apparatus into the bobbin g (magnetizing coil), inclosing the iron or 
steel wire d, d of the thickness of a knitting needle, into the bind- 
ing screw 4, and finally thence by wire back to the second pole 
of the battery S. If. now, we produce sufficiently strong tones 
by means of organ pipes in front of the opening of the tube T 
(or sing them through the tube T into the hollow box K), the 


sound waves will set the membrane a into regular vibrations. 


Kvery condensation occurring beneath m, at once raises the disk 
of platinum o, together with the platinum point % (the foot of 
the angle a, 6, c), when the rarefaction occurs and m moves 
downward again, the angle a, 6, ¢ cannot immediately follow the 
disk 0, and the current is interrupted, and a similar interruption 
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occurs with every vibration of m, and in this way are produced just 
as many vibrations in the wire d, d of the coil g, at’ station II as 
the membrane makes ; these vibrations are perceived there as tones 
or combinations of tones (accords). These tones are much strength- 
ened by covering the coils with a box D of resonant wood, so placed 
as to fit the sounding board B, below. The keys ¢ and ¢ make it 
possible to communicate short messages as necessity arises, between 
stations Tand II. (#.4., to signify from II to I that they are ready 
to receive tones at II.) For by pressing down the keys the electro- 
magnet EK is included in the circuit, the armature A drawn up and 
made to strike upon E. 

The telephone is yet in its infancy, it is true, but even now, by 
employing powerful currents, it transmits at a distance not only 
solitary tones, but even tunes consisting of slow consecutive tones, 


quite perceptibly and distinctly. 


No. 46. 


FRANKFORT-ON-THE-MAIN, 1866. 


CATALOGUE OF J. Winn. ALBERT, MECHANICIAN AT 


Ketract from Preface. “ All instruments and apparatus will 
always be constructed according to the latest designs and improve- 
ments. In order that the construction may be better understood we 
have printed herein references where a description can be found as 
follows :— 

“M-P. Miuller-Pouillet’s Lehrbuch der Physik, vi Auflage.” 
[ Other books also named. | 

From body of Catalogue. 

“839. Telephone of Reis for reproduction of tones by electricity, 
with description, 21 fl. 

“M-P. Fig. 325-327. Piseo, Akustik, Fig. 60. 


“840. The same in simpler design, fl. 14.” 


EvLecrriciry, by Robert M. Ferguson, William and 


No. +47. 


Robert Chambers, London and Edinburgh, 1867, p. 257 


THe TELEPHONE. — This is an instrument for telegraphing notes 


of the same pitch. Any noise producing a single vibration of the 


| \(\ 
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air, when repeated regularly a certain number of times in the second 
(not less than thirty-two), produces, as is well known, a musical 
sound. In Art. 115, we found that when a rod of iron was placed 
in a coil of insulated wire, and magnetized by a current being sent 
through the coil, it gave out a distinct tick when it was demagne- 
tized by the stoppage of the current. A person when singing any 
note causes the air to vibrate so many times per second, the number 
varying with the pitch of the note he sings, the higher the note the 
ereater being the number of vibrations. If we then, by any means, 
can get these vibrations to break a closed circuit in which the coil 
just mentioned is included, the note sung at one station can be re- 
produced, at least so far as pitch is concerned, at another. Reis’s 
telephone (invented 1861) accomplishes this inthe following way : — 

A A (Fig. 141) is a hollow wooden box with two round holes in 
it, one on the top, the other in front. The hole at the top is closed 
by a piece of bladder 8, tightly stretched on a circular frame; a 
mouthpiece M is attached to the front opening. 
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When a person sings in at the mouthpiece, the whole force of his 
voice is concentrated on the tight membrane, which in consequence 
vibrates with the voice. A thin strip of platinum is glued to the mem- 
brane, and concentrated with the binding screw a, in which a wire 
from the battery B is fixed <A tripod e fq rests on the skin. The 
feet e and f# lie in metal cups on the circular frame over which the 
skin is stretched. One of them / rests ina cup containing mer- 
cury, and is connected with the binding screw 6. The third foot g, 
consisting of a platinum point, lies on the circular end of the strip 
of platinum just mentioned. This point, being placed on the centre 
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of the oscillating membrane, acts like a hopper, and hops up and 
down with it. It is easy to understand how, for every vibration of 
the membrane, the hopper will be thrown up for the instant from 
connection with its support, and how the close circuit Is thus broken 
at every vibration. The receiving apparatus R consists of a coil of 
wire placed in circuit, enclosing an iron wire, both being fixed ona 
sounding box. The connections of the various parts of the circuit 
are easily learned from the figure. Suppose a person to sing a note 
at the mouthpiece which produces three hundred vibrations a sec- 
ond, the cireuit is broken at the bladder three hundred times, and 
the iron wire ticking at this rate gives out a note of the same pitch. 
The note is weak, and in quality resembles the sound of a toy trum- 
pet. Dr. Wright uses a receiving apparatus of the following kind: 
The line current is made to pass through the primary coil of a small 
induction coil. In the secondary circuit he places two sheets of 
paper, silvered on one side, back to back, so as to act as 2 con- 
denser. Each current that comes from the sending apparatus pro- 
duces a current in the secondary circuit which charges and dis- 
charges the condenser, each discharge being accompanied by a sound 
like the sharp tap of a small hammer. The musical notes are ren- 
dered by these electric discharges, and are loud enough to be heard 


in a large hall. 


No. 48. — Leurepucw per Puystk UND Mertrreorouociz. THeEIL- 
WEISE NACH POUILLET’S LEHRBUCH DER PHYSIK SELBSTANDIG 
BEARBEITET. Von Joh. Miiller. 7Tte. aufl. Braunschweig, 


Friedrich Vieweg und Sohn. [868 (2 Vv.) 


[| Text-book of Physics and Meteorology. Partly according to Pouillet’s Text-book 
of Physics, but independently arranged. By J. Miiller. 7th Edition. Bruns- 
wick, 1868. Vol. II., pp. 386-89. | 


Galvanisches Tonen. 

After describing the production of tones by passing an intermit- 
tent current through the coil of an electro-magnet as practised by 
Wertheim and others, the author says : — 

When the breaks [Unterbrechungen] of the electric current fol- 


low each other in quick succession, the pitch of the magnetic tone 
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we have just mentioned is indeed not changed thereby ; but there 
arises simultaneously another tone, which depends on the sum of the 
magnetic shocks [Stésse] which the iron atoms are subjected to, and 
has the same pitch as the tone offered by the breaking apparatus 
itself [ Unterbrechungsapparat |. 

This tone, which arises by the side of the clicking noise, when 
the magnetic longitudinal tone of the rod is suppressed by the man- 
ner in which it is checked, is the one Reis made use of in the con- 
struction of his telephone. 

Fig. 348 represents Reis’s breaking apparatus { Unterbrechungs- 
apparat]. In the cover of the wooden hollow cube A a circular 
opening is made, which is closed by an elastic membrane (Schweins- 
diinndarm, — hog’s intestine) stretched over it. On the middle of 
this membrane a little platinum plate is cemented, which, through a 
very thin metallic strip f (more conspicuous in Fig. 349), is con- 
nected in circuit with screw a. On the middle of the platinum strip 
a short platinum point rests, which is fastened at g on the under side 
of the piece of metal plate 1 ¢ 7, one end / of which rests upon little 
support 7; whilst a platinum point fastened at 7 on its under side 
plunges in a hole of little metallic support 4, said hole containing a 
small amount of quicksilver. Screw? is in electric connection with 
metallic support *& [leitender Verbindung]. 

From one of the poles of a battery a conducting wire goes to 
screw a of the breaking apparatus [Unterbrechungsapparat], Fig. 
348 ; from the other pole of the same a wire goes to screw d of the 
reproducing apparatus, to be mentioned next, Fig. 350. Screw of 
this apparatus is connected through a wire with b, Fig. 348. Screws 
c and d are connected with the terminals of the small magnetizing 
coil M, Fig. 850. By the connection just mentioned the current of 
the battery passes through the coil. | 
get 
into the mouthpiece of wooden cube A, the elastic membrane which 


AT raa a , ‘ ‘ ‘ + y , 4 ~ . y 
Now as soon as the sound waves of a sufficiently strong tone 


closes the top opening of the same is thrown into vibration. Every 


entering wave of condensation raises the platinum strip as well as 
the little point resting thereon, but when the membrane oscillates in- 
wards, the metallic plate / 7 7, with the little point fastened on at 7, 
cannot follow quick enough. There occurs then for every vibration 
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Fig. 348. 


Fig, 349, 
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of the membrane a break of the current [Unterbrechung des 


Stromes], which shows itself in a spark occurring at the point of 


breaking [Unterbrechungsstelle]. Through the coil M runs a knit- 
ting needle, which, as the tigure shows, is fastened on a sounding 


board. A cover provided with a second sounding board can be 
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- turned over the coil, and in this way the tone can be much in- 
creased. 


Now, if tones are produced before mouthpiece s by singing into it 
or playing organ pipes, one hears at the reproducing apparatus, 
placed as far as convenient at first, a peculiar crackling noise which 
is independent of the pitch of the tones produced at the breaking 
apparatus, but, besides these, tones themselves are distinctly and au- 
dibly reproduced by the steel wire; and Reis found this to be true 
indeed for all tones between F and f. 

In the experiments of Reis, the breaking apparatus was 300 feet 
distant from the coil; in fact it was placed in another house with 
closed doors. But as the length of the conductors can be extended , 
just as far as in direct telegraphy, Reis gave to his apparatus the 
name “telephone” (Jahresbericht des physicalischen Vereins zu 


Frankfurt-a-M., Fiir 1860/61). 


No. 49. — THE MANUFACTURER AND BurLpER, A Montirty Jour- 
NAL DEVOTED TO THE ADVANCEMENT AND DIFFUSION OF 
PRACTICAL SCIENCE, New York, May, 1869, Vol. I., No. 5, 
pp. 129, 150. 


The Telephone, by Dr. Van der Weyde. 


One of the most remarkable recent inventions connected with 
telegrappy is the telephone, an instrument which transmits directly 
the pitch of a sound by means of a telegraph wire, — either an air 
wire or submarine cable; so that, for instance, when the operator at 
one end of the wire sings or plays on an.instrument any tune, as 
* Yankee Doodle” or “ Hail Columbia,” it will be heard and distin- 
cuished plainly at the other end. This invention may, in its pres- 
ent state, have no direct practical application, but be a mere scientific, 
although highly interesting curiosity ; but who can say that it does 
not contain the germ of a new method of working the telegraph, or 
some other useful practical purpose ? . 

The telephone is not the result of an accidental discovery, but of 
a thorough study of the laws of electro-magnetism and of sound. — It 


is founded on the fact that the difference in pitch of different tones 
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is caused by different velocities of vibrations of the elastic sounding 
body ; which vibrations are transmitted to and by the air with exactly 
the same velocity, and from the air may be communicated to a 
properly stretched membrane, like a piece of bladder or very thin 
sheet of india rubber, stretched like a drum head, which these also 
will vibrate with exactly the same velocity as the air and the original 
sounding body, be it the human voice, organ pipe, string or any 


musical instrument. If, now, at the centre of this litthe drum head 
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there be attached a small disk of some metal not easily burned by 
electric currents, — for instance, platinum, — while at the same time 
a platinum point may, by means of a serew, be so adjusted as to 
come very nearly in contact with this small platinum disk, it is clear 
that, when the membrane is put in vibration, a succession of con- 
tacts between the disk and point will be produced, of which the 
number in each second will exactly correspond with the number 


of vibrations in each second of the sounding body or the tone pro- 
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duced by it. That part of the apparatus which serves to send off 
the tune or melody is represented in the illustration, Fig. 2. It con- 
sists simply of a square wooden box, provided at the side with a kind 
of mouthpiece similar to that of a speaking tube, and at the top with 
an opening, over which the membrane just mentioned has been 
stretched. The small piece of platinum attached to the centre of 


this little drumhead is, by means of a very flexible strip of some 
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metal that conducts well, attached to one pole of the galvanic bat- 
tery, of which only one cup is represented in the figure, although for 
a long wire several cups will, of course, be required. The reason 
why this connection near the platinum disk is a flat, thin and flexible 
strip is, that any rigidity would interfere with the freedom of vibra- 
tion of the membrane to which it is attached. The point coming in 
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contact with this small vibrating disk is connected with the ground 
wire, the other pole of the battery with the air wire or submarine 
cable. It is clear, from this explanation, that at every contact of the 
platinum point a wave of electricity will be sent over the wire, and 
as many waves in a second as there are contacts; and as there are 
as many contacts as there are vibrations in every second, the num- 
ber of electric waves will be always exactly equal to the number of 
vibrations corresponding with the pitch of each tone, be it fifty, one 
hundred, two hundred or five hundred in every second. 

The instrument in which this succession of waves is made audible 
at the other end of the telegraph wire is founded on the fact — first 
investigated by Professor Henry, of the Smithsonian Institute at 
Washington — that iron bars, when becoming magnetic by means of 
electric currents passing around them, become slightly elongated, 
and at the interruption of the current are at once restored to their 
original length. It is represented in the cut, Fig. 3, and consists of 
an elongated wooden box, of which the top is made of thin pine 
wood, similar to the sounding board of a stringed musical instru- 
ment, to which are attached two bridges carrying long pieces of 
moderately thick and very soft iron wire, which, for nearly their 
whole length, are surrounded by a coil similar to the coil of 
the electro-magnets used in telegraphing. One end of this coil is 
attached to the telegraph wire, the other to the ground wire, as rep- 
resented in the figure. At every instant that a contact is established 
at the station where the sound is produced, and a current wave thus 
transmitted, these wires will become magnetic, and consequently 
elongated ; and they will be shortened again at every interruption 
of the current. And as these currents and interruptions succeed 
each other with the same velacity as the sound vibrations, the 
elongations and shortenings of the magnetized iron wires will sue- 
ceed each other with exactly the same velocity, and consequently 
they will be thrown into a state of longitudinal vibrations corre-- 
sponding with the original musical tone, which vibrations will then 
be communicated to the sounding board in exactly the same 
manner as is the case with the vibrations of the strings in all 
stringed instruments, thus becoming more audible at the receiving 


siation. 
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It is clear, from the foregoing explanations, that no quality of 
tone can be transmitted. Much less can articulate words be sent, 
notwithstanding the enthusiastic prediction of some persons, who, 
when they first beheld this apparatus .in operation, exclaimed that 
now we would talk directly through the wire. It is from its nature 
able to transmit only pitch and rhythm, — consequently melody, 
and nothing more. No harmony nor different degrees of strength 
or other qualities of tone can be transmitted. The receiving instru- 
ment, in fact, sings the melodies transmitted, as it were, with its 
own voice, resembling the humming of an insect, regardless of the 
quality of the tone which produces the original tune at the other end 
of the wire. 

This instrument is a German invention, and was first exhibited in 
New York, at the Polytechnic Association of the American Institute, 
by Dr. Van der Weyde. The original sounds were produced at the 
farther extremity of the large building (the Cooper Institute), totally 
out of hearing of the association; and the receiving instrument, 
standing on the table of the lecture room, produced with its own 
rather nasal twang the different tunes sung at the other end of the 
line, rather weakly, it is true, because of the weak battery used, 


but very distinctly and correctly. 


No. 50.—Tune TELEGRAPHER, published by the National Telegraphic 
Union, New York, Vol. V., No. 39, 1869. 


(This is a rep: int of Dr. Van der Weyde’s article, No. 47, supra.) 


PROCEEDINGS OF THE AMERICAN ASSOCIATION FOR THE 


No. ol. 
ADVANCEMENT OF SCIENCE, MEETING AT SALEM, AUGUST, 
1869. 

In the list of papers read ws the following : — 
“On the audible transmission of musical melodies by means of the 


electric telegraph. By P. H. Van der Weyde.” 


| Artacle nol printed an the proceedings. | 
= e a 


. aio 


wee eP ee 


& 
sd 
‘ 


BAILE’S ALLUSIONS TO TELEPHONY. 


No. 92.— Boston Datty ADVERTISER, August 25, 1869. 


Report of Meeting of American Association. at Salem. 


“ Prof. Van der Weyde exhibited the ‘telephone,’ an instrument 
for the audible transmission of musical melodies, by means of the 
electric telegraph. The system is fully deseribed in the May 
numlier of the Architect and Builder. 

“The apparatus to accomplish this is called a telephone. By means 
of it the operator at one end of the wire sings or plays on an instru- 
ment any tune, and it can be heard and plainly distinguished at the 


other end. The exhibition of the instrument excited much interest.” 


No. 53.— Tue Wonvers or Enecrriciry, Translated from the 
French of J. Baile, New York, Scribner, Armstrong & Co., 


1872, pp. 140-43. 


Wonderful as are these achievements, the inventions in telegraphy 
have gone still further. To be able to transmit thought to a dis- 
tance is a triumph which was formerly astonishing; but we are now 
accustomed to it, and continue to practise it without its creating the 
slightest wonder. To be able to transmit handwriting and even 
drawings appeared to be still more difficult; but this problem has 
also been resolved, and we now hardly wonder that this feat is ac- 
complished by means so simple. Mankind ever requires « new 


4] 
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stimulus to its curiosity, and already it is looking forward to the 
discovery of more marvels in telegraphy. Some years hence, for 
all we know, we may be able to transmit the vocal message itself, 
with the very inflection, tone and accent of the speaker. Already 
has the acoustic telegraph been invented ; the principle has been dis- 
covered, and it only remains to render the invention practicable and 
useful, a result which, in these days of science, does not appear to 
be impossible. 

Sound, of whatever kind, is produced by a series of vibrations, 
more or less rapid, which, setting out from a sonorous body, traverse 
the air and reach our ear. Just as a stone dropped into a pond 


throws off a succession of circular undulations or water rings, so a 
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concussion, acting on the air, produces analogous vibrations, though 
they are invisible ; and it is when these vibrations reach the ear that 
we become sensible of sound. 

An eminent scientific German, M. Helmholtz, has analyzed the 
human voice and determined its musical value. According to him, 
ach simple vowel is formed by one or more notes of the scale, 
accompanied by other and feebler notes, which are harmonics of 
these. He demonstrates that it is the union of all these notes that 
gives quality to the voice. Each syllable is formed by the notes of 
the vowel accomplished by different movements of the organs of the 
mouth. M. Helmholtz, reflecting upon this, thinks it would be pos- 
sible to construct a human voice by artificially producing and com- 
bining the elementary sounds of which it is composed. This is not 
the place to discuss such theories, but if we grant that there is any 
truth in them, we can understand that the acoustic telegraph can 
be invented, and can transmit the living voice. Already experi- 
ments have been made in this direction. A vibrating plate produces 
a sound, and according to the rapidity of the vibrations, these 
sounds are sharp or flat. At each of the vibrations the plate 
touches a small point placed in front of it, and this contact suffices 
to throw the current into the line; when the plate ceases to vibrate 
and returns to its position of equilibrium, it no longer touches the 
metal point and the current is consequently interrupted. By this 
means is obtained a series of interruptions, more or less rapid, accord- 
ing to the sound ; the current being thrown into the line and inter- 
rupted once for each of the vibrations. 

At the extremity of the line the current enters an electro-magnet 
which attracts another vibrating plate of size and quality identical 
with the former. Attracted and repelled very rapidly, exactly, and 
as rapidly, in fact, as the plate mentioned above, this second plate 
gives forth a sound which will have the same musical value as that 
of the other, as the number of vibrations per second is the same in 
both cases. 

Should this process be perfected, it will be possible to transmit 
sound by means of the telegraph, to transmit a series of sounds, a 
tune, or spoken sentence and conversation. This consummation has 
not, however, been yet attained. Many experiments have been made, 


—— 
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the principle has been applied in divers ways, and everything makes 
us hope that we will yet arrive at a perfect system of acoustic teleg- 
raphy. Advances have been made very far upon the road to suc- 
, cess. <A series of vibrating plates answering to the strings of a 
harp, has been arranged, each of which vibrates when struck by a - 
particular sound, and sends off electricity to create at the end of the 
line the same vibrations ina corresponding plate, or, in other words, 
to produce the same sound. 
This system, it must be admitted, is at least very ingenious. Ex- 
periments have been made in laboratories, that is to say, under con- 
ditions entirely favorable, and such as we would not often find in 
» actual practice. Under these conditions a musical air has actually 
been successfully transmitted by this acoustic telegraph. All must 
admit that this is a promising beginning; but we must not make too 
much haste to exalt the miracle and to extol the advantages of the 


future machine, or to abandon ourselves to the indulgence in indis- 


5 ss criminate laudation on the strength of this new discovery. That 
! would be a gross mistake and an injury to science. True scientific 
} faith is doubt, until the truth appears in uncontrovertible clearness. 

| : Care must be taken not to take for reality that which is merely a 

: desire on our part. We must guard against all premature exulta- 


tion, because it weakens us in the search for truth, and because even 


one deception is cruel. Let us therefore give to doubt, to patience 


' 
and to perseverance the place which some too readily give to con- 
| y 3 
gratulation. 
No. 64. — Das Bucw pDER ERFINDUNGEN, GEWERBE UND INDUus- 
TRIEN, Leipzig, 1872. 
{Book of Inventions, Trades and Industries. | 
TELEPHONY. 
It sounds more than wonderful when the possi}ility is asserted of 
. carrying on aconversation with another person at a distance of hun- 
| | dreds of miles through the electric telegraph wire, so that he can 
a hear with his bodily ear our voice with all its peculiaritiess that he 


should hear the melody we are singing, and that he should feel, 


when we laugh, precisely as if he was standing alongside of us, 
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But this possibility has, to a certain degree, already become to be a 
fact. 

The master teacher, Reis, in Frankfurt-on-the-Main, had the good 
idea to make of the electro-magnetic telegraph “which has hitherto 
been an eye reaching over many lands,” an ear which should reach 
full as far. 

In this strange organ of hearing, the clectro-magnetic apparatus 
takes the part of those bones of the ear which carry the commotion 
from one membrane to another, and the only difference between the 
cavity of the ear and the union of two such stations, is, that in one 
case we are made sensible of the striking of the sound waves against 
the ear drum by means of a lever, and in the other by means of the 
commotion of an iron rod, 

Figure 417 shows us Reis’s telephone, which has the following 
construction : — 

At the first station I, there is a hollow box with a sound receiver 
A in front; into this sound receiver you sing the melody which you 


wish your distant hearr to hear. On top of the box there is an 


a 


opening tightly covered with a membrane of swinegut mm; on top of 


this membrane there lies a very thin plate of platina p, which ts 
touched by the point of a pencil x, made of platina with a very 


sensitive spring; the point of this pencil is placed so that it will but 


just touch the plate p when the membrane is motionless, but leaves 


the same by each motion, when the same swing to and fro. This 
alternate touch and separation stops and starts the electric current, 
which comes from the Bunsen battery (three to four elements) and 
goes through the binding screw a into the plate p, and out of that 
into the pencil x, and to the second binding screw b. From b the 
wire leads to the second station and around the spiral C C, and goes 
from there through the binding screw d, and through the wire c 
connected therewith back into the battery. In the centre of the 
spiral lies a small iron rod, fastened on both ends to the bridges ff, 
which rest on the sounding board g gy. The parts 4, 7, k, 7, in both 
stations, belong to a telegraphic arrangement by means of which 
the attention of the distant audience may be called to the beginning 
of a message. The reproduction of a sound depends now mainly 


upon the commotion of the iron rod, which is magnetized by the 


me 1 


electric current moving around the spiral. As insignificant as each 
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single movement of the smallest part may appear, they are strong 
enough to give the sensation of a sound through their regular and 
quick repeating, and the assistance of the sounding board. The 
succession of the currents going through, depends on the vibra- 
tion of the membrane m, in the first station, and consequently, the 
sound reproduced in the second station must be in regard to its pitch, 
in perfect accord with the sound sung into the sound receiver A. 

As early as October, 1861, Reis had made successful trials with 
his apparatus. A melody sung with a medium loud voice was re- 
produced perfectly at a distance of one hundred metres. Although 
the problem of “ far speaking” may so far only be considered solved 
in theory, and the apparatus has not yet that perfection which would 
make it possible for a speaker to interest large gatherings at numer- 
ous distant parts of the earth, it is nevertheless interesting enough 


to be deseribed in this place. 


No. 55. — CATALOGUE OF J. Witt. ALBerr, MECHTANICIAN, AT 
Kh RANKFORT-ON-THE-MAIN, 1873. 

Batract from Preface. “ All instruments and apparatus will 
always be constructed according to the latest designs and improve- 
ments. In order that their construction may be better understood, 
we have printed herein references where a more complete description 
can be found as follows :— 

“M.-P. Miuller-Pouillet’s Lehrbuch der Physik ‘II Auflage. 

“A list of other books is given.” 

In the body of the catalogue ts the following : 

“957. Telephone of Reis for reproduction of tones by electricity, 
with description, 21 florins, 36 Rm. 

"( M.-P. Fig. 348, bis. 350: Pisco, Akustik, Fig. 60.) 

“958. The same with a simple electro-magnetic signalling appa- 


ratus. 26 fl. 15 ‘kr.-45 Rm.” 
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No. 56. — Dre Leure vom GALVANIsMUS, von Gustav Wiedemann, 
Braunschweig, 1874, Vol. IL., pp. 598, 599. 


“ 


[Lessons in Electricity, by Wiedemann, Brunswick, 1874. | 


A sheet-iron plate, twenty centimeter diameter, secured in the centre 
and placed close over the opening in a helix, which is mounted with its 
axis in & vertical line, furnished bell-like tones when the current in 
the helix was opened and closed, as if the plate had been set into 
rotary vibrations by a violin bow rubbing around the edges of the 
same. <A thin sheet of tinned iron is thereby depressed around its 
edges towards the spiral, and is elevated again when the current Is 
opened, so that here also the tones are based on an electro-magnetic 
movement of the plate, which, by reason of the unequal elasticity and 
the unequal distance of the edges from the spiral becomes irregular, 
and thus gives no occasion for the formation of distinct nodal lines. 

Nor does the location of nodal lines of sand, formed, say when the 
plate is rubbed by a bow, change under the influence of the magnetiz- 
ing. In addition to the longitudinal tone of rods, which appears 
already when the same are magnetized once by a current and inter- 
ruption of current, one observes when the interruptions of the mag- 
netizing current is repeated, a rattling noise which, when the inter- 
ruptions are rapid, develops into a tone, the vibrational number of 
which is equal to the number of current interruptions. 

This rattle-tone [Klirrton] is much less distinet with thin steel 
rods, but the original longitudinal tone much stronger and purer 
than with rods of soft iron. These tones may already occur in the 
case of very rapid interruptions. 

If, as in the Telephone of Reiss,* a membrane is secured to a small 
box which is provided witha sound opening, which membrane carries 
upon its centre a thin platinum plate connected to a binding screw by 
means Of a small strip of platinum; and if a point, which is almost 
in contact with the platinum plate and is carried by an angular metal 
piece connected to a binding screw, is secured to the box, then a 
current which passes through the angular piece and through the plate 
will be closed when a tone is sung before the sound opening, as 


many times as there are vibrations to the tone, in consequence of the 


* Reiss, see Kuhn’s Angewandte Electricitatslehre, Vol. LI., p. 1020, 18*, 
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oscillations of the membrane. If now the current is directed 
through a helix about eighteen centimeter long, and consisting of six 
layers of thin copper wire, secured to a resonating plate, through 
the axis of which helix passes a knitting needle, about twenty to 
thirty centimeter long, which also passes with its ends through two 
bearings, the needle will also sound the tone sung into the sound 


opening, like a buzz [Summen ]. 


No. 57.— SCIENTIFIC AMERICAN, New York, March 4, 1876. 

The Invention of the Telephone, by P. Hl. Van der Weyde, M. D. 
In connection with Mr. Gray’s application of the telephone to the 
simultaneous transmission of several different telegraphic messages 

over one wire at the same time, and his paper read before the American 

Electrical Society (published on p. 92, Scventific American, Supple- 
ment for Feb. 5), it may be interesting for the readers of this paper 

to obtain some information in regard to the invention of the telephone, 

by Reuss. As mentioned in the article above referred to, Page and 

Henry observed that, by rapid magnetization and demagnetization, 
iron could be put into vibrations isochronic with the interruptions of 

the current; and later, Marian experimented extensively in this 

direction, while Wertheim made a thorough investigation of the sub- 
ject, which induced Reuss, of Friedrichsdorf, near Hamburg, Ger- 
many, to apply this principle to the transmission of musical tones 


and melodies by telegraph ; and he contrived an apparatus which we 


represent in the engravings. 


PROFESSOR Reuss’s TELEPHONE. 
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The telephone of Reuss consists of two parts, the transmitting and 
the receiving instrument. Fig. I. represents the former, and is 
placed at the locality where the music is produced; Fig: II., the lat- 
ter, is placed at the station where the music is to be heard, which may 
be at a distance of 100, 200 or more miles; in fact, as far as the bat- 
tery used can carry the current ; while the two instruments are con- 
nected with the battery and the telegraph wire in the usual manner. 
One pole of the battery is connected with the ground plate, the other 
with the screw, marked 2 in our Fig. I., and thence over a thin copper 
strip n, with the platinum disk 0, attached to the centre of the 
membrane stretched inthe large top opening of the hollow and empty 
box K, intended to receive and strengthen the vibrations of the air, 
produced by singing before the funnel-shaped short tube attached to 
the opening in T. Over the platinum disk c, attached to the elastic 
membrane, is a platinum point attached to the arms 4 ¢ and 0 Kk, 
while a set-screw brings this point in slight contact with the platinum 
disk mentioned. A part of the box is represented as broken and re- a 
moved, in order to show the internal construction. The strip @ 6 ¢, 
is connected with the end s, of the switch ¢ s, and the screw con- 
nection 1, at the lower right-hand corner, and also through the tele- . 
eraph wire, to the instrument Fig. II., at the receiving station, which 
may be situated at a distance of many miles. Here the current enters 
by the screw connection 3, and passes through the spiral g, sur- 
rounding the soft tron wire d d, of the thickness of a knitting needle, 
and leaves the apparatus at the screw connection 4, whence it obtains 
access to the ground plate, and so passes, through the earth, back to 
the battery. The spiral and iron wire dd, is supported on a hollow 
box B, of thin board; while a cover D, of the same material is 
placed on top, all intended to strengthen the sound produced by the 
vibrations which the interruption of the current caused in the iron 
wire ¢@ d, so as to make these vibrations more audible by giving a 
large vibratory surface, in the same way that the sounding board of 
a piano-forte strengthens the vibrations of the air caused by the 
strings, and makes a very weak sound quite powerful. 

[If a flute be played: before the opening T, or if a voice be singing 
there. the vibration of the air inside the box K, causes the membrane 


m, to vibrate synchronically, and this causes the platinum disk 0, to 
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move up and down with corresponding frequency. At every down 
ward motion the contact of this disk with the platinum point, under 
6, is broken, and therefore the current is interrupted as rapidly as the 
vibrations occur. Let, for instance, the note C be sounded ; this note 
makes sixty-four full vibrations in a second, and we have therefore 
sixty-four interruptions of the electric current, which interruption 
will at once be transmitted through the telegraph lines to the receiv- 
ing instrument, and put the bar d d, into exactly similar vibrations, 
making the very same tone C, audible ; and so on for all other rates 
of vibration. It is clear that in this way not only the rhythm of music 
can be transmitted (and this can be done by the ordinary telegraph), 
but the very tones, as well as the relative durations and the rests be- 
tween them, can thus be sent, making a full and complete melody. 
The switch és, Fig. I., is intended, in connection with a similar one 
in Fie. IT., to communicate between the stations, with the help of 
the electro-magnet E, to ascertain if station, Fig. I1., is ready to 
receive the melodies ; then it gives the signal, by manipulating the 
switch, which is received by the attraction of the armature A, the 
latter arrangement being a simple Morse apparatus attached to the 
telephone. 

Professor Heisler, in his “ Lehrbuch der technischen Physik” (3d 
edition, Vienna, 1866), says, in regard to this instrument: “ The 
telephone is still in its infaney ; however, by the use of batteries of 
proper streneth, it already transmits not only single musical tones, 
but even the most intricate melodies, sung at one end of the line to 
the other, situated at a great distance, and makes them perceptible 
there with all the desirable distinctness.” After reading this account 
in 1868, I had two such telephones constructed, and exhibited them 
at the meeting of the Polytechnic Club of the American Institute. 
The original sounds were produced at the further extremity of the 
large building (the Cooper Institute), totally out of hearing of the 
Association, and the receiving instrument, standing on the table in 
the lecture room, produced (with a peculiar and rather nasal twang) 
the different tunes sung into the box K, at the other end of the line ; 
not powerfully, it is true, but very distinctly and correctly. In the 
succeeding summer [ improved the form of the box K, so as to pro- 


duce a more powerful vibration of the membrane, by means of reflec- 
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tions effected by curving the sides; I also improved the receiving 
instrument by introducing several iron wires in the coil, so as to pro- 
duce a stronger vibration. I submitted these, with some other im- 
provements, to the meeting of the American Association for the Ad- 
vancement of Science, and on that occasion (now seven years ago) 
expressed the opinion that the instrument contained the germ of a 
new method of working the electric telegraph, and would undoubtedly 
lead to further improvements in this branch of science, needing only 
that a competent person give it his undivided attention, so as to 
develop out of it all that it is evidently capable of producing. 
Before leaving this subject I wish to draw special attention to the 
fact that the merits of this invention consist chiefly in the absence of 
musical instruments, tuning forks, or their equivalents, for producing 
the tones; any instrument will do; flute, violin, human voice, ete. 
If the aérial vibrations are only connected into the box, Fig. I., the 
apparatus will send the pitch as well as the duration of the different 
tones, with the rests between, therefore not only transmitting perfect 
rhythm, but a complete melody, with its long and short notes. The 
two parts of the apparatus may even be connected each to a separate 
piano-forte ; and if this were done in a proper manner, a melody 
played on the piano-forte connected with the transmitting instru- 
ment, Fig. I., would be heard in the piano-forte at a great distance, 


connected with the receiving instrument, Fig. IT. 


No. 58. — Report OF THE EXHIBITION OF SCIENTIFIC APPARATUSES 
IN SouTH KENSINGTON MusktuM, LONDON, 1876. ALSO A COM- 
PLETE AND DESCRIPTIVE CATALOGUE OF THE EXHIBITION WITH 
IEENGRAVINGS OLLELED BY THE RoyaLt CounciL or EpUCATION. 
Arranged by Dr. Rudolf Biedermann, London, 1877. 

' Pr. 368. Group 6. Sound. 

“922. ‘Telephone, after J. Reis, for the reproduction of toues by 
electricity, J. W. Albert, Frankfort-a-M. 

“The telephone is based on the experiments of Wertheim and 
others on galvanic sounds. Philip Reis of Friedrichsdorf made use 


of this for the reproduction of musical tones produced by singing 
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(wind instruments, ete.) by way of electricity with the aid of an 
elastic membrane and a breaking apparatus constructed by him. 
(Vide annual report of the Physical Society of Frankfort-a-M., of 
1860-61; also Miiller’s Lehrbuch der Physick VII. Ed., 2d Vol. p. 
135.)” 


ARTICLES ABOUT REIS AFTER THE BELL PATENT, AND 
BEFORE THE MICROPHONE WAS KNOWN.’ 

No. 59.— Rerorr or tHE Forty-SEVENTH MEETING OF TIE 
SRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, 
HELD AT Prymoutru mn AuGustT, 1877. 

On the Telephone, hy W. Hl. Preece, Memb. Inst. C's Be, he. 
Phillip Reis, of Friedrichsdorf, in 1861, produced the first tele- 
phone which reproduced musical sounds at a distance. He utilized 
the discovery of Page by causing a vibrating diaphragm to rapidly 
make and break a galvanic circuit. The principle of his apparatus 
is shown in Fig. 1 annexed, in which in the diagram (4) is a hollow 
wooden box into which the operator sings through the mouthpiece(a). 
Line 


Fi ig ‘ 


The sound of his voice throws the diaphragm (c) into rapid vi- 
bration, so as to make and break contact at the platinum points (/) 
at each vibration. This interrupts the current flowing from the bat- 
tery (¢) as often as the diaphragm vibrates, and therefore magnetizes 
and demagnetizes the electro-magnet as often. Hence whatever 
note be sounded into the box (@), the diaphragm (¢) will vibrate to 
the note, and the electro-magnet f/ will similarly respond, and there- 
fore repeat that note. 

Musical sounds vary in tone, In intensity and in quality. The 


tone depends on the number of vibrations per second only; the in- 
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tensity on the amplitude or extent of those vibrations ; the quality 
on the form of the waves made by the vibrating particles of air. 

It is evident that in Reis’s telephone everything at the receiving 
end remains the same, excepting the number of vibrations, and there- 
fore the sounds emitted by it varied only in tone, and were therefore 
notes and nothing more. The instrument remained a pretty philo- 
sophical toy, and was of no practical value. 

Cromwell Varley, in 1870, showed how sounds could be produced 


by rapidly charging and discharging a condenser. 


r 


No. 60. — ELEMENTARY TREATISE ON Prrysics, Ganot, 8th Edition, 


translated by E. Atkinson, New York, 1877, p. 757. 


“Reis’s telephone consists essentially of a membrane which is put 
in vibration by producing musical sounds in front of a convenient 
mouthpiece. The apparatus is so arranged that these vibrations al- 
ternately open and close a current which produces at any distance 


sounds by such an arrangement as the above.” 


No. 61. — Tue Teternone, by Prof. A. E. Dolbear, Boston, Lee 
& Shepard, 1877, pp. 99-116. 


Having treated at some leneth of the three factors involved in 
telephony, — namely, electricity, magnetism and sound, —it re- 
mains to follow up the various steps that have led to the actual 
transmission of musical sounds and speech over an ordinary electric 
cireult. 

It is stated upon p. 31, that, when a current of electricity is 
passed through a coil of wire that surrounds a rod of soft Iron, the 
latter is made a temporary magnet; it loses its magnetic property 
the instant that the current ceases. If the rod be of considerable 
size, say a foot or more in leneth, and half an inch or more in 
diameter, and the current be strong enough to make a powerful mag- 
net of it, whenever the current from the battery is broken, the bar 
may be heard to give out a single click. This will happen as often 
as the current is broken. This is occasioned by a molecular move- 


ment which results in a change of length of the bar. When it is 
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made a magnet, it elongates about 5,45, of its length; and, when 


it loses its magnetism, it suddenly regains its original length; and 


this change is accompanied with the sound. This sound was first 


noticed by Professor C. G. Page, of Salem, Mass., in 1837. If 


some means be devised tor breaking such a circuit more than fifteen 
or sixteen times a second, we shall have a continuous sound with a 
pitch depending upon the number of clicks per second; Such a de- 
vice was first invented by the same man, and was accomplished by 
fixing the armature of an electro-magnet to a spring. which was in 
the circuit when the spring was pressing against a metallic knob, at 
which time the current made the circuit in the coil of the electro- 
magnet. The magnet attracting the armature away from the button 
broke the circuit, which of course destroyed the magnetism of the 
magnet, and allowed the spring to fly back against the button, to 
complete the circuit, and reproduce the same series of changes. 
The rapidity with which the current may be broken in this way is 
only limited by the strength of both spring and current. The greater 
the tension of the spring with a given current, the greater number 
of vibrations will it make. 

Suppose such an intermittent current to pass through the coil sur- 
rounding the soft iron rod 256 times per second; then the rod 
would evidently give 256 clicks per second, which would have the 
pitch of C. When these clicks are produced in the rod held in the 
hand, the sound is hardly perceptible, being like that-of a sounding 
tuning-fork when held thus. In order to strengthen it, 1t Is neces- 


sary to place it on some resonant surface. It is customary to 


Fia. 1l. 
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mount it upon an oblong box with one or two holes in its upper 
surface, inasmuch as such a form is found to give a louder response 
than any other, and is the shape usually given to xolian harps. The 
accompanying cut shows the combination of battery B, the circuit- 
breaker, and the rod mounted upon the box. The wire W may 
evidently be of any length, the magnetized rod and box responding 
to the number of vibrations of the spring S, how long soever the 


circuit may be. 


HELMHOLTZ’S ELECTRIC INTERRUPTOR. 

In some of Helmholtz’s experiments, it was essential to maintain 
the vibrations of a tuning-fork for a considerable time. He effected 
this by placing a short electro-magnet between the prongs of the 
fork, and affixing a platinum point at the end of one prong in such a 
manner, that, as the prong descended in its vibration, the platinum 
point dipped into a small cup of mercury that completed the circuit. 
When the prong receded, it was of course withdrawn from the mer- 
cury and the current was broken. As it is not possible for a 
tuning-fork to vibrate in more than one period, such an arrangement 
would evidently make and break the current as many times per 
second as the fork vibrated. When, therefore, such an interruptor 
is inserted in the circuit with the click-rod on its resonant box, the 
latter must give out just such a sound as the fork is giving. With 
such a device, it is possible to reproduce, at almost any distance in 
a telegraphic circuit, a sound of a given pitch. It is therefore a 
true telephone. 

REISS’S TELEPHONE. 

The ease with which membranes are thrown into vibrations cor- 
responding in period to that of the sounding body has already been 
alluded to on p. 80; and several attempts have been made, at dif- 
ferent times, to make membranes available in telephony. ‘The first 
of these attempts was made by Philip Reiss, of Friedrichsdorf, 
Germany, in 1861. 

His apparatus consisted of a hollow box, with two apertures : one 
in front, in which was inserted a short tube for producing the sound 


in, and indicated by the arrow in the cut, Fig. 12; the other on the 
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top. This was covered with the membrane m, —a piece of bladder 
stretched tight over it. Upon the middle of the membrane a thin 
piece of platinum was glued; and this piece of platinum was con- 
nected by a wire to a screw cup from which another wire went to a 
battery. 


Fig. 12. 


A platinum finger S, rested upon the strip of platinum, but was 

made fast at one end to the screw cup that connected with the other 

a wire from the battery. Now, when a sound is made in the box, the 
membrane is made to vibrate powerfully ; this makes the platinum 

strip to strike as often upon the platinum finger, and as often to 

¢ bound away from it, thus making and breaking the current the same 
number of times per second. If, then, a person sings Into this box 
while it is in circuit with the aforementioned click-rod and box, the 
latter will evidently change its pitch as often as it is changed by the 
voice. In this apparatus we have a telephone with which a melody 
may be reproduced at a distance with distinctness. But the sounds 
are not loud, and they have a tin-trumpet quality. If one reflects 
upon the possibilities of such a mechanism, and upon the conditions 
necessary to produce a sound of any given quality, as that of the voice 
or of a musical instrument as described in preceding pages, he will 
understand that it can reproduce only pitch. It might here be inferred 
that something more than a single pitch is transmitted if the sound 
is like that of a tin trumpet, as stated ; but the reason of this is that, 
whenever a current is passing between two surfaces that can move 
only slightly on each other, there is always an irregularity in the 
conduction, so as to produce a kind of seratching sound; and it ts 
this, combined with the other, the"true pitch, that gives the character 


to the sound of this instrument. 
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Dr. Wright found that a sound of considerable intensity could be 
obtained by passing the interrupted current through the primary 
wire of a small induction coil, and placing a conductor made of two 
sheets of silvered paper placed back to back in the secondary circuit. 
The silvered paper becomes rapidly charged and discharged, making 
a sound that can be heard over a large hall, and having the same 


pitch as the sending instrument. 


DEPARTMENT OF THE INTERIOR. 


UnittTep STATES PATENT OFFICE. 


To all persons to whom these Presents shall come, Greeting : 

This is to certify that the annexed is a translation, by the Official 
Translator, from the bound volumes of this office, of the specification, 
in the matter of the German Letters Patent, granted Robert Lidtge, 
January 12th, 1878, Number 4,000, for Improvement in Transmit- 
ter and Relay for Electric Telephones, together with a tracing of the 
drawing forming part of said patent. -° 

In testimony whereof I, M. V. Montgomery, Commissioner of 
Patents, have caused the Seal of the Patent Otlice to be afhixed this 
7th day of October, in the year of our Lord one thousand eight 
hundred and eighty-six, and of the Independence of the United 
States the one hundred and eleventh. 


[SEAL | M. V. MONTGOMERY, 
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GERMAN PATENT 4,000. ROBERT LUDTGE IN BERLIN. 


TRANSMITTER AND RELAY FOR ELEctTriIcC TELEPHONES. 
PATENTED IN GERMANY, 12 JANUARY, 1878. 


The principle and the construction of the Bell Telephone entail, 
in so far as it is used for receiver and transmitter, several inconven- 
iences that cannot be removed without a change of principle, but 
which interfere with its employment for long distances as well as for 
household uses. The fact that the instrument is constructed only 
for induction currents and is very sensitive to these same, alone 
introduces the annoying adjunct, that all other disturbing operations 
of induction, such as working on collatera! lines, make themselves 
very perceptible. The fact that these induction currents are en- 
gendered by the vibrations of the air produced by our mouths alone 
without the assistance of any ulterior source of power, make them 
seem too weuk for intercourse over large lines, and for domestic 
use not sufhicient to compete with the disturbing noises in the 


neighborhood. 


Y 
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Considerable progress is made towards meeting these objections 
by using for telephoning not induction, but battery currents, that 
offer the further advantage, that, as a new additional source of power, 
they allow the operation to be intensified. In this connection 
several experiments have already been made and their results 
publi shed. 

Before all such, must be mentioned the telephone invented by 
Reis in 1863, but the trouble with that is, that in response to the 
vibrations of sound, it only just opens or closes the battery current. 
The greater or less intensity or amplitude of the sound waves can, 
therefore, not express itself in a greater or less intensity of the 
battery current. The more delicate relations of vibrations which is 
the first thing to characterize a letter or a word find no expression, 
hence disappear in the final operation which, in consequence, con- 
sists almost solely of the repetition of the rhythm of the funda- 
mental tone. 

Furthermore, there belongs in this class the telephone of Edison, 
in New York, which uses the vibrations of a metal plate that is 
talked at, more or less to compress an appropriately applied piece 
of oraphite introduced into the circuit ot re | battery, and Inasmuch + 
the resistance of the graphite is influenced by the pressure so the 
intensity of the current is changed by the vibrations of the plate. 
The present Invention is founded essentially on the following dis- 
COvVery:.-— 

If a point of interruption is introduced in the circuit of the hat- 
tery, say by simply cutting the conducting wire, and laying the two 
cut surfaces against each other, a passage resistance will arise at the 
point of the cut that will be smaller in proportion as the two cut 
surfaces press more strongly against one another. This fact is easily 
verified by the aid of a sufficiently sensitive galvanometer; it can 
also be verified by ra | Bell Telephone introduced into the cireult,. as it 
can then be distinctly heard how the current is restored when the 
two cut surfaces are brought together again, and then how it is 
changed in intensity according to the foree with which the surfaces 
are pressed together. 


Now, if the one cut surface be so constructed as to be set in vibra- 
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tion by speaking or other noise, it will be made to press upon the 
other cut surface in contact with it variously according to the inten- 
sity and form of the single vibrations. The passage resistance at 
this point will be exactly influenced in magnitude by the intensity, 
form and number of sound vibrations of the sounding surface and 
therewith determines also the intensity of the battery current 
already existing in the circuit. In other words, each sound vibra- 
tion which the sounding surface performs, causes a simultaneous in- 
crease of intensity of the battery current exactly corresponding to the 
amplitude of the sound vibration, anda Bell Telephone tmtroduced 
into the circuit will translate this increase of intensity back again 
into the corresponding operation of sound. As this process is valid 
for every vibration, the Bell Telephone acting as receiver will allow 
all the vibrations to be heard that are produced by the one cut sur- 
fuce at the point of interruption acting as a transmitter, and that, 
too, with all the refinements, as no closing and opening of the cur- 
rent takes place, but merely an increase or decrease of intensity 
according to the force of the pressure with which the two surfs 
touch, and which in this case Is altered only by the vibratior 
executed by one surface against the other when ge'ving forth sound 
or else being talked at. 

Krom what has gone before itis clear what principle it is that 
serves as a foundation for the present invention. Now follows the 
constructive application of this principle : — 

The construction finds as its most essential pro}:!em the manner in 
which the two ends of the point of interruption, hitherto designated 
as “cut surfaces” shall’ be shaped, in view of the object to be at 
tuined. These two ends must remain uninterruptedly in contact, so 
that the circuit shall always remain closed, but the intimacy of their 
contact must be so slight that at the point of interruption a percept- 
ible passage resistance is offered to the electricity ; that the intimacy 


(yr 


of the contact and with it the passage resistance shall vary as soon 
as one or* both of the two ends is set into sound vil ration. 


i this connection it ust he observed Lihihe the contiuct for this 


*Misprint in the German ‘** ober ” for * ode) 


‘Hil 


SSS 
os = cee s-apmensee 


0 RENO SHIT IRE LIEN: SREB NOR OE SELIG LT OO, CR Bi 


LUDTGE’S GERMAN PATENT. 


reason must not be too intimate, that the sound vibrations of the 
one end must always be perceptible to say the least. 

To solve this difficulty various constructions have been applied 
each especially suited for some peculiar collateral purpose. The 
following parts are common to all the different constructions : — 

1. A battery for developing electricity. The strength of the 
same depends on the length of the circuit, intensity of operation to 


be produced, ete. 

2. <A conductor of ordinary electric conducting wire. 
3. <A telephone of Bell construction introduced into the circuit 
at the receiving station to receive the despatches. 

For the transmitter introduced into the circuit at the transmitter 
station and forming the object of this invention, the following con- 


structions have given the best results : — 

The first construction is shown by Fig. 1, of the accompanying 
drawing. Against a round, smooth metallic plate @ (sheet iron, 
sheet zine, thin silvered glass, etc.), fastened in a wooden ring from 
2 to 10 em. in diameter and not thicker than 1 mm. set iu connec- 
tion with one pole of the battery by the wire } or else by the ground 
wire, there is pressed a metallic pin ¢ connected with the other pole 
of the battery (adjusted) by means of a micrometer stand and 
screw d, so that it touches the plate gently and closes the circuit 
by means of the conducting wire e. Now if speech or song is 
directed against the plate a, then the intimacy of the contact 
between plate and pin will be varied and the required opera- 
tion produced. The- nficrometer screw must be cut very fine to 
admit of the most advantageous adjustment of the pin, and as 


the apparatus is sensitive to the slightest jar, it will be advisable 


to set it up on an insulating column. Unavoidable changes of 
temperature occasion a frequent readjustment. Due consideration 
being had for these inconveniences in accordance with the exi- 
gencies of the case, this construction will commend itself by its 
very great sensitiveness and its very favorable intensity at the 
receiver station. Furthermore, in Fig. 1, f is the wooden shell, 
(fastening), g the speaking trumpet, / the battery, 7 the ground 
plate, 4 an insulating layer for the platinum point, / clamp screws, 
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m the spindle of the micrometer screw, nx the receiver. The pin ¢ 
can also be replaced by a second plate 4 as shown in Fig. 2. In 
this case the micrometer screw is replaced by a screw-tbreaded brass 
ring /, to adjust the relative positions of the plates a and 6. In this 
construction it is indifferent which of the plates is spoken at. It is 
better to vault one of the two plates, as shown in Fig. 2. 

Furthermore, in the same figure, / is the wooden ring for enclosing 
the whole, p the wooden ring for holding the plate 6 fast, 7 and g 
brass rings screw-threaded, m clamp-screws for the conductors 7 and 
s. A second method of securing the proper contact of the plate a, 
with the pin c, or the other plate, is to allow the pin or the plate to 
lie upon the plate a, with its own weight. 

This construction is shown in Fig. 3 for plate and pi, and in 
Kio. 4 for two plates. The pin ec stands vertical, moving easily in a 
metal tube 4, but always in conducting contact. It is gently pressed 
by its own weight upon the plate a. The intimacy of this contact 
is regulated first by the weight of the pin, then by the inclination 
given to the whole apparatus. The meaning of the remaining letters 


in Fig. 3 is as follows: @ arm for the contact pin, 7 oscillating plate, 


Ff wooden fastening (shell), «# clamp screws, / conducting wires, E 


receiving station, B battery. In using the plate, Fig. 4, the means 
of adjustment remain the same, the plates a and 4 are introduced 
into the cireuit by thin wires 7 and s. 

A third method of adjusting the contact both for plate and pin and 
tor two plates is shown in Fig. 3. In other respects the construction is 
like the preceding, only that underneath the plate a magnet or electro- 
magnet m, is applied whose attraction for the iron pin or plate above 
the oscillating plate serves to regulate the intimacy of contact. A 
fourth method shown in Fig. 5 is by adjusting and fastening the two 
contact plates by pads of wadding, a construction distinguished for 
its simplicity and handiness 'f not for great (excellence of) operation. 

In general the constructions with two plates are more durable and 
simpler to manipulate, and work much neater and cleaner. But the 
pin and plate construction works with greater sensitiveness and 
intensity. It will be clear from what has gone before, that all con- 
structions mentioned will fit for the use of the transmitter as a relay, 
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as Fig. 6 shows. In this case the plate @ is identical with the iron 
plate of the Bell Telephone, only it is set in vibration now, not 
directly by the voice but by inductive and magnetic forces operating 
below it called into action at the transmitter, and then propagates 
the vibrations received to the receiving station as a_ transmitting 
apparatus would do. 

Claim. The construction of a telephone transmitter which oper- 
ates by means of the variations produced by sound vibrations in the 
intimacy of contact of two or more solid electric conductors, is driven 
by battery currents and can also be used as a relay in telephone 
establishments. 
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To whom it may concern: Be it known that I, 
Alexander Graham Bell of Salem Massachusetts, 
have invented certain new and useful Improve- 
ments in Telegraphy, of which the following ts a 


specification. 


In letters. patent granted to me April 6, 187), 
No. 161,739, I have deseribed a method of, and 
apparatus for transmitting two or more tel- 
-egraphic signals simultaneously along a 
single wire by the employment of trans- 
-mitting instruments — each of which ocea- 
-sions a succession of electrical impulses 
differing in rate from the others; and of 
receiving instruments — each tuned to a pitch 
at which it will be put in vibration 
to produce its fundamental note by one 
only of the transmitting instruments and 
ot vibratory circuit breakers operating to con- E 
-vert the vibratory movement of the receiv- 
-ing instrument into a permanent make or 
break (as the case mav be) of a local 
circuit in which is placed a Morse 
sounder, register or other telegraphic ap- 
-paratus. I have also therein described a : 
form of Autograph Telegraph based upon 


the action of the above-mentioned in- 


struiments. 


Erase & insert 
per Amd’t A, 
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In illustration of my method of multiple 
telegraphy I have shown in the patent aforesaid 
as one form of transmitting instrument an 
electro-magnet having a steel-spring arma- 
-ture which is kept in vibration by the 
action of a local battery. This armature 
in vibrating makes and breaks the main 
circuit, producing an intermittent current 
upon the line-wire. I have found however 
that upon this plan the limit to the num- 
-ber of signals that can be sent simul- 
-taneously over the same wire is very 
speedily reached ; for, when a number 
of transmitting instruments — having different 
rates of vibration are simultaneously making 
and breaking the same circuit — the effect 
upon the main line is practically 
equivalent to one continuous current. 

| My present invention consists In the 
employment of a vibratory current of elec- 
-tricity in place of a merely intermittent 
one; and of a method of, and apparatus for, 
producing electrical undulations upon the 
line-wire. | 

The advantages I claim to derive from the 
use of an undulatory current in place 
of a merely intermittent one —are : 


1, ‘That a very much larger number 


mA 
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of signals can be transmitted simultaneously 
on the same circuit. 
2. That a closed cireuit and single main 
battery may be used. 
3. That communication in both directions is 
established without the necessity of special 
induction coils 
4. That cable despatches may be transmitted 
more rapidly than by means of an in- 
-termittent current or by the methods at 
present in use; for, as it Is unnecessa- 
-vy to discharge the cable before a new 
signal can be made — the lagging of 
cable-signals is prevented. 
5. And that — as the cireuit is never broken 
a spark-arrester becomes unnecessary. 

It has long been known that when a 
permanent magnet Is caused to approach 
the pole of an electro-magnet a current 
of electricity is induced in the coils 
of the latter; and that when it is 
made to recede a current of opposite 
polarity to the first appears upon the 
wire. When therefore a permanent 
magnet is caused to vibrate in front of 
the pole of an electro-magnet, an un- 
-dulatory current of electricity is induced 


in the coils of the electro-magnet, the 


seg 
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undulations of which correspond, in rapidity of 
succession, to the vibrations of the magnet, In 
polarity to the direction of its,;motion: and 
in intensity to the amplitude of its vibra- 
-tion. 

That the difference between an undulato- 
-ry and an intermittent current may be 
more clearly understood, I shall describe 
the condition of the electrical current when 
the attempt is made to transmit two musical 
notes simultaneously — first upon the one plan 
and then upon the other. 

Let the interval between the two sounds 
be a major third; then their rates of vibra- 
-tion are in the ratio of 4:5. Now 
when the intermittent current is used the 
circuit is made and broken four times 
by one transmitting instrument — in the 
same time that five makes and breaks are 
caused by the other. A and b, Figures 1, 2, 
and 3, represent the intermittent currents produced, 
four impulses of B, being made in the same 
time as five impulses of A. cece, &e show 
where and for how long time the circuit is 
made, and dd d, &c indicate the duration 
of the breaks of the cireuit. The line A & 5B 
shows the total effect upon the current when 


the transmitting instruments for A and Bb are 
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caused simultaneously to make and break the 
same circuit. The resultant effect depends very 
much upon the duration of the make rel- 
-atively to the break. In Figure 1, the ratio is , 
as 1: 4; in Figure 2, as 1: 2; and in Figure 3 

the makes and breaks are of equal dura- 

-tion. 

The combined effect A, & B, Figure 3, is very 
nearly equivalent to a continuous current. 

When many transmitting instruments of 
different rates of vibration are simultaneously 
making and breaking the same circuit, the 
current upon the main line becomes for all 
practical purposes continuous. 

Next consider the effect when an undu- 

-latory current is employed. Electrical un- 
-dulations induced by the vibration of a 

body capable of inductive action can be 
represented graphically — without error — by the 
same sinu-soidal curve which expresses 

the vibration of the inducing body itself, 


and the effect of its vibration upon the air; 


for, as above stated, the rate of oscilla- 

-tion in the electrical current corresponds 

to the rate of vibration of the inducing 

body — that is to the pitch of the sound 
produced ; the intensity of the current varies 


with the amplitude of the vibration, that 
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is with the loudness of the sound; and the 
polarity of the current corresponds to the di- 
-rection of the vibrating body — that is to the 
condensations, and rarefactions of air produced 
by the vibration. Hence the sinu-soidal curve 

A or B, Figure 4, represents graphically the elec- 
-trical undulations induced in a cireuit by 

the vibration of a body capable of induc- 

-tive action. 

The horizontal line a d ef &e represents the zero 
of current; the elevations 6 4 4 &e indicate 
impulses of positive electricity ; the depressions 
ccc &e show impulses of negative elec- 
-tricity ; the vertical distance 4 d or ¢ f of 
any portion of the curve from the zero- 

-line expresses the intensity of the positive 
or negative impulse at the part observed, 
and the horizontal distance @ @ indi- 
| -cates the duration of the electrical 
oscillation. The vibrations represented by 
the sinu-soidal curves Band A, Figure 
4, are in the ratio aforesaid of 4: 5. 


That is four oscillations of B are made 


in the same time as five oscillations 
of A. 
The combined effect of A and B when 


induced simultaneously on the same 


circuit is expressed by the curve A + B, 
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Figure 4, which is the Algebraical sum of the 
sinu-soidal curves A and Bb. 

This curve A + B also indicates the actual 
motion of the air when the two musical 
notes considered are sounded simultaneously. 
Thus when electrical undulations of different 
rates are simultaneously induced in the 
same circuit, an effect is produced exact- 

-ly analogous to that occasioned in the 
air by the vibration of the inducing 
bodies. Hence the coexistence upon a 
telegraphic circuit of electrical vibrations 
of different pitch is manifested, not by 
the obliteration of the vibratory charac- 
-ter of the current, but by peculiarities 
in the shapes of the electrical undula- 
-tions, or in other words, by peculiarities 
in the shapes of the curves which rep- 
-resent those undulations. 

There are many ways of producing 
undulatory currents of electricity, depen- 
-dent for effect upon the vibrations 
or motion of bodies capable of induc- 

-tive action. A few of the methods that may 
be employed I shall here specify. When 

a wire through which a continuous cur- 

-rent of electricity is passing is caused 


to vibrate in the neighborhood of 
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another wire — an undulatory current of elec- 
-tricity is induced in the latter. When 
a cylinder upon which are arranged bar- 
-magnets is made to rotate in front of the 
pole of an electro-magnet an undulatory 
current of electricity is induced in the coils 
of the electro-magnet. 

Undulations are caused in a continuous 
voltaic current by the vibration or motion 
of bodies capable of inductive action : 
or by the vibration of the conducting 
wire itself in the neighborhood of such 
bodies. Electrical undulations may also be 
caused by alternately increasing and di- 
-minishing the resistance of the cireuit, or by 
alternately increasing and diminishing the 
power of the battery. The internal resistance 
of a battery is diminished by bringing the 
voltaic elements nearer together, and increased 
by placing them further apart. The recipro- 
-cal vibration of the elements of a battery 
therefore occasions an undulatory action in 
the voltaic current. ‘The external resistance 
may also be varied. For instance let mercury 
or some other liquid form part of a volta- 
-ic circuit — then the more deeply the con- 
-ducting wire is immersed in the mercury 


or other liquid the less resistance does the liquid 
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offer to the passage of the current. Hence the 
vibration of the conducting-wire in mercury 
or other liquid included in the circuit oc- 
-casions undulations in the current. The 
vertical vibrations of the elements of a battery 
in the liquid in which they are immersed 
produces an undulatory action in the 
current by alternately increasing and 
diminishing the power of the battery. 
| In illustration of the method of creating 
| electrical undulations, I shall show and 
describe one form of apparatus for pro- 
-ducing the effect. I prefer to employ for 
this purpose an electro-magnet A, Figure 5, 
having a coil upon only one of its legs 
6. <A steel spring armature c is firmly 
clamped by one extremity to the uncovered 
leg d, of the magnet, and its free end is 
allowed to project above the pole of the 
covered leg. The armature ¢ can be set 
in vibration in a variety of ways —one 
of which is by wind —and in vibrating 
it produces a musical note of a certain 
definite pitch. 

When the instrument A is placed in a 
voltaic circuit.¢ b e f g, the armature c be- 
-comes magnetic and the polarity of its 


free end is opposed to that of the magnet 
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under neath. So long as the armature ¢ remains 
at rest, no effect is produced upon the volta- 

-ic current, but the moment it is set in vibra- 
-tion to produce its musical note a powerful 
inductive action takes place and electrical 
undulations traverse the circuit obefgeg. The 
vibratory current passing through the coil 

of the electro magnet / causes vibration 

in its armature / when the armatures 

ch of the two instruments A, I, are normally 

in unison with one another; but the 

armature / is unaffected by the passage 

of the undulatory current when the pitches 

of the two instruments are different. 

A number of instruments may be placed 
upon a telegraphic circuit as in Figure 6, 0 When 
the armature of any one of the instruments 
is set in vibration, all the other instruments 
upon the circuit which are m unison with 
it respond, but those which have normally 
a different rate of vibration remain 
silent. Thus if A, Figure 6 is set in vibration 
the armatures of A! and A? will vibrate also 
but all the others on the circuit will remain 
still. So if B! is caused to emit its 
musical note the instruments B, B2, respond. 
They continue sounding so long as the 


mechanical vibration of B' is continued. 
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but become silent with the cessation of its 
motion. 
The duration of the sound may be used 
to indicate the dot or dash of the Morse 
alphabet — and thus a telegraphic despatch 
may be indicated by alternately interrupting 
| and renewing the sound. 
| When two or more instruments of different 
pitch are simultaneously caused to vibrate 
all the instruments of corresponding pitches 
upon the circuit are set in vibration, 

each responding to that one only of the 

: transmitting instruments with which it is 
in unison. ‘Thus the signals of A Fig- 
-ure 6 are repeated by A! and A? but by 

| no other instrument upon the circuit; the 
signals of B®, by B and B'; and the signals 
of c' by ¢ and c? — whether A, B? and c! are 
successively or simultaneously caused to 
vibrate. Hence by these instruments two or 
more telegraphic signals or messages may 
be sent simultaneously over the same circuit 
without interfering with one another. 


I desire here to remark that there are 


many other uses to which these instruments 


may be put — such as the simultaneous 


transmission of musical notes, differing in 


loudness as well as in pitch, and the 
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telegraphic transmission of noises or sounds of 
any kind. 
When the armature ¢ Figure 5 is set in 

vibration the armature / responds not only 
in pitch, but in loudness. Thus when c 
vibrates with little amplitude a very soft 
musical note proceeds from #; and when 
c vibrates forcibly the amplitude of vibration 
of 4 is considerably increased, and the re- 
-sulting sound becomes louder. So if A 
and B Figure 6 are sounded simultaneously 
(A loudly and B softly) the instruments A! and A? 
repeat loudly the signals of A, and B! B? 
repeat softly those of B. 

One of the ways in which the armature 
ec Figure 5, may be set in vibration has 
heen stated above to be by wind. An- 
-other mode is shown in Figure 7, where- 
-by motion can be imparted to the ar- 
-mature by the human voice or by means 
of a musical instrument. 

The armature c Figure 7, is fastened 

loosely by one extremity to the uncov- 
-ered leg d of the electro-magnet 4 and 
its other extremity is attached to the centre 
of a stretched membrane a., A cone A, 
is used to converge sound vibrations upon 


the membrane. When a sound its uttered in 


inser per 
Amdt B. 
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the cone the membrane a, is set in vibration, 
the armature c is forced to partake of the 
motion, and thus electrical undulations are created 
upon the circuit E bef g. These undulations 
are similar in form to the air vibrations 
caused by the sound — that is, they are 
represented graphically by similar curves. 

The undulatory current passing through the 
electro-magnet f influences its armature / 
to copy the motion of the armature c. 
A similar sound to that uttered into 
A, is then heard to proceed from L. 

In this specification the three words 


id 


© oscillation ” “ vibration” and “ undulation ” are 


used synonymously A. By the term “ Body 


capable of inductive action ” I mean a 
body which when in motion produces 
dynamical electricity. I include in the 
category of bodies capable of inductive 
action — brass, copper and other metals, 


as well as tron and steel. 


Having described my invention what I claim and 
desire to secure by letters patent as follows : — 
l. A system of telegraphy in which the receiver is 
set in vibration by the employment of undulatory 
currents of electricity substantially as set forth. 


2. The combination substantially as set forth of a 
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permanent magnet or other body capable of induc- 
-tive action with a closed circuit so that the 
vibration of the one shall occasion electrical 
undulations in the other or in itself — and this 
I claim, whether the permanent magnet be set in 
vibration in the neighborhood of the conducting wire 
forming the circuit; or whether the conducting wire 
be set in vibration in the neighborhood of the 
permanent magnet; or whether the conducting wire 
and the permanent magnet both simultaneously 
be set in vibration in each others neighborhood. 
3. The method of producing undulations in a con- 
-tinuous voltaic current by the vibration or 
motion of bodies capable of inductive action ; 
or by the vibration or motion of the con- 
-ducting wire itself in the neighborhood of 
such bodies as set forth. 
aveat 48. 4. The method of producing undulations in 
a continuous voltaic circuit by [alternately | gradually 
a increasing and diminishing the resistance of 
per AmdtC, the circuit; or by [alternately] gradually increasing and 
Febr 29 '76 
diminishing the power of the battery as set forth. 
5. The method of and apparatus for transmitting 
vocal or other sounds telegraphically as herein 
Javeat 48. described by causing electrical undulations 
similar in form to the vibrations of the 
air accompanying the said vocal or other 


sounds substantially as set forth. 


(\'Y + FILE OF BELL PATENT, NO. 174,465. 
‘ 


(\ 
\ a In testimony whereof I have hereunto signed my 
name this 20th day of January A.D. 1876. 
Witnesses 
Thomas E. Barry Alex. Graham Bell 


P D Richards. 


State of Massachusetts : 


Suffolk County ; oo 

; Alerander Graham Bell — the 
above named petitioner being duly sworn deposes 
and says that he verily believes himself to be 


the original and first inventor of the Im- 


-provements in Telegraphy 


described and claimed in the foregoing specifi- 
-cation ; that he does not know and does not 
believe that the same was ever before known 
or used: and that he is a native of Great Britian 
and has declared his intention of becoming a citizen 
of the United States. 
Thomas E. Barry Alex. Graham Bell 


P D Richards. 


witnesses 


Sworn to and subseribed before me this 20th day 


of January A. D. 1876 


Thomas E. Barry 


(seal) 


Notary Public 


; ee 
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Copy sent EXXAMINER’S Room, No. 118, 
Feb. 19 | U. S. Patent OFFICE, 
1. ee Me Wasuineton, D. C., Feb’y 19, 1876. 


A. G. BELL, 


Care Pottok & BaiLeEy, Present. 
Telegraphy Kepy 14, 1876. 


In this case it is found that the lst. 4th and 5th clauses of claim 


o caveat. 


qe 


relate to matters described in a pendin 
The caveator has been notified to complete and this app’n ts sus- 
pended for 90 days, as required by law. | 


Z. F. WILBER, Ex’r. 


| Endorsed] ‘* 153 1 Office Letter Febr. 19’ 1876.” 


IN THE MATTER OF ‘THE APPLICATION OF A. GRAHAM BELL FOR 
IMPT'S. IN TELEGRAPHY, FILED FEBY. 14, ’76. 


Hon. Coma’r OF PATENTS: 


Sir, —In this matter we beg to acknowledge receipt of official 
letter, notifying us of the suspension of our application for comple- 
tion of an interfering caveat. 

We respectfully request, before it is concluded to suspend our 
application for 3 months, that you determine whether or not our 
application was not filed prior to the caveat in question. 

We have inquired the date of filing of the caveat (inasmuch as we 
are entitled to the knowledge) and find it io be February 14, 1876, 
the same day on which our application was filed. If our applica- 
tion was filed earlier in the day than was the caveat, then there is 
no warrant for the action taken by the Office. 

We suggest that an examination of the books in the Examiner’s, 
Mr. Moore’s and the chief clerk’s rooms, be made with a view of 
determining this question. 

We can say that our application was filed early in the day on Feb’y 


14, and at our request was on the same day sent to the Examiner: 


(Qs 
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we also call attention to the fact that our client’s oath of invention is 
dated Jan’y 20, ’76. 
Respectfully, 
POLLOK & BAILEY, Atty’s. 


[Endorsed] ‘*158 2 Appt’s Protest Feb’y 24th 1876.” 


[ Zhe following ‘‘ reference to Con’r,” ** order of Con’r” and minute of Wilber, Ex’, 


were written on the sume paper with the foregoing’: Protest.” | 


‘¢ EXAMINER'S Room 118, Feb’y 24, 1876. 


‘‘ Respectfully referred to the Hon. Commr. for instructions. The 
regular practice in the office has been to determine dates of filing by days 
alone, and in accordance with such practice I suspended the application 
herein referred to ona/c of a caveat, the application and caveat being 
filed upon the same day, viz., Feb’y 14, 1876. 

‘¢ In view of the practice above noted, I have paid no attention to the 
alleged difference between the times of the filings on same day. 


‘* Respectfully submitted, 


‘¢Z. F. WILBER, Ex’r.” 


‘* The application in order to become liable to suspension to await the 
completion of his application by a caveator must have been filed ** within 


, 


the year”’ of the life of the caveat. Ordinarily the day of filing is not 
computed, and is considered punctum temporis. Yet where justice requires 
it, the exact time in the day when an act was done may be shown by proof. 
Kent’s Comm. 9d8,n. The Examiner will be guided by this rule in the 
present case, and if the record shows that the application was filed earlier 
in the day, then the caveat should be disregarded, and otherwise not. 
‘ELLIS SPEAR, 
‘¢ Act’g Com’r. 
‘6 25, 2, "76." 


‘¢ Ex’r’s Room 118, Feb’y 25, 1876. 


‘* The cash blotter in the chief clerk’s room shows conclusively that the 


upplication was filed some time ea:lier on the 14th than the caveat. 


The upp’n was received als» in 1135 by noon of the l4th, the caveat not 
until the 15th. 


‘*Z. F. WILBER, Ex’r.” 


ig 


f 
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Copy sent, 
Febr. 25. 
S. R. A. EXAMINER’S Room, No. 118, 
U. S. Patent OFFIce, 
WASHINGTON, D. C., Feb’y 29, 1876. 
A. G. BELL, 


Care Pottok & Batvry, Present. 
Telegranhy, Frep’y 14, 1876. 


The suspension of this application having been declared under a misap- 
prehension of appt.’s rights, is withdrawn. 


Z. F. WILBER, Ex’r. 


[| Endorsed| ‘‘ 188 3 Office Letter Febr. 25, 1876.” 


IN THE MATTER OF THE APPLICATION OF A. GRAHAM BELL, FOR 
A PATENT FOR IMPROVEMENTS IN TELEGRAPHY, FILED FFRB’Y 
14, 1876. 

In this matter amend the specification as follows : — 

Page 2, erase from line 19 to line 24 inclusive, and substitute 
therefor the following : — 

In a pending application for Letters Patent, filed in the U.S. 

Patent Office February 25, 1875, I have described two ways of re epg 
producing the intermittent current, the one by actual make and break ne 
of contact, the other by alternately increasing and diminishing the 
intensity of the current, without actually breaking the circuit; the 
current produced by the latter method I shall term, for distinction 
sake, a pulsatory current. 

My present invention consists in the employment of a vibratory 
or undulatory current of electricity, in contradistinetion toa merely 
intermittent or pulsatory current, and of a method of and apparatus 
for producing electrical undulations upon the line wire. 

The distinction between an undulatory and a pulsatory current 
will be understood by considering that electrical pulsations are 
caused by sudden or instantaneous changes of intensity, and_ that 
electrical undulations result from gradual changes of intensity 


exactly analogous to the changes in the density of air occasioned by 
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‘simple pendulous vibrations. The electrical movement, like the 
aerial motion, can be represented by a sinusoidal curve, or by the 
resultant of several sinusoidal curves. 

Intermittent or pulsatory and undulatory currents may be of two 
kinds, accordingly as the successive impulses have. all the same 
polarity, or are alternately positive and negative. 

Page 13, line 15, after “synonymously ” insert 

Amdt B, and in contradistinction to the terms “intermittent” and “ pul- 
web 296 satory.” 
Amdt ©, In the 4th claim, erase the word “ alternately ” wherever it occurs, 


Febr 29 ’°76 


and substitute therefor the word “gradually.” 
POLLOK & BAILEY, 
Atty’s for A. GRAHAM BELL. 


| Endorsed| ‘£153 4 Amendts A —C Febr. 29th 1876.” 


Copied 
Mar. 26, °76. 
Room No. 118. | No. 14.1] | Interference. | 


All communications should be addressed to the Commissioner of Patents. 


INTERFERENCE A. 
DEPARTMENT OF THE INTERIOR. 


UNITED STATES PATENT OFFICE. 


3: Wasuinctron, D. C., Mar. 26, 1878. 
Also COpy To 
A. G. BELL. GARDINER G. HuBBARD, 
Care A. PoLLoK, Present. Cambridge, Mass. 


Please tind below a copy of a communication trom the Examiner 
concerning your patent No. 174,465, dated Mar. 7, 1876, for Teleg- 


raphy. 
Very respecttully, 


KLLIS SPEAR, 


(‘ommissioner of Patents. 


tao 


MANE tare He a ; 
P LLL OLE ACTER NANG EN A maptiptannny aspen el 


\dC ¢ i 
INTERFERENCE A. 1 | } 


Your case above referred to is adjudged to interfere with the 
applications and patents named below, and the question of priority 
will be determined in conformity with the rules accompanying this. . 
The preliminary statement demanded by Rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject 
of the invention and nane of party filing it indorsed on the envelope. 
The subject matter involved in the interference is “ The hereinbefore 
described art of transmitting and reproducing at a distance sonorous 
[words] eaves or vibrations of any description, which consists in 
increasing and decreasing the strength of an electric current travers- 
ine a cireuit in such a manner as to produce in said circuit a series of 
electrical waves or vibrations precisely corresponding in their inter- 
vals of succession and relative amplitudes to the sonorous waves 
which are to be reproduced at the receiving station or stations, so 
that oral conversations or sounds of any description may be tele- 
eraphically transmitted.”  (Gray’s Ist claim. ) 

This is substantially the method specified in Bell’s 5th claim, and 
is described in the applications of Edison, Berliner, Richmond, Dol- 


bear and Holeombe. 
PARTIES TO INTERFERENCE. 


Wim. L. Voelker, filed May 19, 1879. 
R. D. O. Smith, included Dec. 29, 1879. 


Elisha Gray, App’n tiled Oct. 29, 1877. (No. 1). Atty’s of 
Record, Baldwin, Hopkins and Peyton, Washington, D. C. 

Thos. A. Edison, Appn tiled Apr. 27,1877. (( ‘ase 130. ) Att’y 
of Record, L. W. Serrell, Box 4,689, New York City. 

Eile Berliner, Appn tiled June 4, 1877. Att'y of Record, 
James L. Norris, Washington, D. C. 

Geo. B. Richmond, Apy’n filed Aug. 24, 1877. Att'y of Record, 
George W. Dyer, Washington, D. C. 

A. G. Holcombe, App’n tiled Jan. 2%, 1878. Atty of Record, 
Moses G. Farmer, Torpedo Station, Newport, Rk. [. 

A. FE. Dolbear, Appn filed Oct. 31, 1877. (A.) Att'y of 
Record, Frank L. Pope, Elizabeth, N. J., Jas. L. Norris, Asso. Att’y, 
Wash., D. C. | 
HW. C. TOWNSEND, Ex’r. 450 


[ Endorsed] ‘1,58 6 Intf. “ A” Mar. 26, 1878.” 
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Copy, 
Mar. 25, 1878. 


rr. Wek | 
Room No. 118. | No. 14.] [ Interference. | 


All communications should be addressed to the Commissioner of Patents. 


INTERFERENCE B. 


DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 
W asuineton, D. C., March 26, 1878. 


Also copy to 
ALEXR. G. BELL, GARDINER G. HUBBARD, 
Care A. PoLuoK, Present. Cambridge, Mass. 


Please tind below a copy of «a communication from the Examiner, ; 
concerning your patent 174,465, dated March 7, 76. “ Teleg- 
raphy.” 

Very respectfully, 
ELLIS SPEAR, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
applications named below, and the question of priority will be de- 
termined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of in- 
vention and name of party filing it indorsed on the envelope. The 
subject matter involved in the interference is the hereinbefore de- 
scribed improvement in the art of transmitting vocal sounds or 
spoken words telegraphically, which consists in throwing upon the 


line through the medium of a varying resistance electric impulses 


corresponding to the vibrations of a diaphragm operated by the 
movements of the air produced by a spoken word. (Gray’s 2nd 
claim. ) 


INTERFERENCE C. Pb 1G "| 

This is substantially described in the applications of Gray, Edison, 
Berliner and Richmond. 

The parties to the interference are: Elisha Gray, app’n filed Oct. 
29,°77; Attorneys, Baldwin, Hopkins & Peyton, Washington, D. C. 
T. A. Edison, app’n filed April 27, 77 (case 130); Att'y, L. W. 
Serrell, Box 4,689, N. Y. City. Emile Berliner, app’n filed June 
4,°77; Atty, Jas. L. Norris, Washington, D. C. Geo. B. Rich- 
mond, app’n tiled Aug. 24, °77; Atty, Geo. W. Dyer, Washington, 


a ©. 
Wm. L. Voelker, filed May 19, 1879. 
R. D. O. Smith, included Dec. 29, 1879. 


H. C. TOWNSEND, Exr. 


[ Endorsed} ‘*158 7 Intf B. Mch. 26 °78.” 


Two copies. 
Mar. 26, 187%. 
ve 
Room No. 118. [ No. 14. ] | Interference. | 


All communications should be addressed to the Commissioner of Patents. 
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PATENT 174,465.—INTERFERENCE C. 
DEPARTMENT OF THE INTERIOR. 

UNITED STATES PATENT OFFICE. 
W asnineton, D. C., Mar. 26, 1878. 
Also copy to 
ALEX. G. BELL, GARDINER G. HuBBarp, 
Care A. PoLuLok, Present. Cambridge, Mass. 


Please tind below a copy of a communication from the Examiner 
concerning your patent No, 174,465, dated Mar. 7, ’76. 
Very respectfully, 
ELLIS SPEAR, 


Commissioner of Patents. 


» te) 7 
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é Your case above referred to is adjudged to interfere with the ap- 
plications named below, and the question of priority will be deter- | 
mined in conformity with the rules accompanying this. ‘The prelim- 
inary statement demanded by Rule 53 must be sealed up and filed 
on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it indorsed-on the envelope. The 
subject matter involved in the interference is: 1st. The transmit- 
ter, consisting of the combination in an electric circuit of a dia- 
phragm and a liquid or equivalent substance of high resistance, 
whereby the variations of the diaphragm cause variations in the 
resistance of the electric circuit, and consequently in the strength of 
current traversing said circuit. (Gray’s Ist claim. ) 

This is described in the applications of Richmond and Edison and 
patent of Bell. | 
2d. Ina telegraph instrument operated by sound, the combina- 
tion with the diaphragm of two or more electrodes placed in electro- 
lytic liquid and operating to increase and decrease the resistance of 


the electric circuit, by the movement derived from the diaphragm. 


e 


(Edison’s 1st claim.) : 
This is described in the applications of Richmond and Gray, and 
is substantially suggested in Bell’s patent. \ 
The parties to this interference are: Elisha Gray, Dee. 4, ’77 
(No. 2); Baldwin, Hopkins & Peyton, Washington, D. C., Att’ys 
of record. G. B. Richmond, app’n filed Aug. 24,’77; G. W. Dyer, 
Washington, D. C., Atty. T. A. Edison, app’n filed Sept. 5, 77 
(case 144); L. W. Serrell, Box 4,689, New York City, Att’y. 
H. C. TOWNSEND, Ex’r. 


[ Endorsed] ‘1.58 8 Intf C, Mch 26, 78.” 


Copy, Mar. 26, 1878. Room No. 118. [No. 14}. | Interference. | 
fs wees | 


All communications should he addressed to the Commissioner of Patents. 5 
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PATENT 174,465.—iINTERFERENCE E. 


DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 


Wasninaton, D. C., Mar. 26, 1878. 
Copy to care 
ALEX. G. BELL, GARDINER G. HuBBARD, 


Care A. PoLttoKk, Present. Cambridge, Mass. 


Please find below a copy of a communication from the Examiner 
concerning your patent, No. 174,465, dated March 7, °76. 
Very respectfully, 
KLLIS SPEAR, 


(commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
applications named below, and the question of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by Rule 53 must be sealed up and filed 
on or before the 6th day of May, 1878, with the subject of the inven- 
tion and name of party filing it indorsed on the envelope. The sub- 
ject matter involved in the interference is, In an acoustic telegraph 
an armature plate, the electro-magnet for the same, and a closed 
circuit passing from the helix of such electro-magnet to the source 
of undulatory electric energy. 

This is the subject matter of Edison’s 4d claim, and is substan 
tially described in the other applications and the patent involved. 

The parties to this interference are : — 

T.. A. Edison’s app’n filed Dec. 12, °77 (case 145) ; 

L. W. Serrell, Box 4,689, N. Y. City, Attorney. 

A. E. Dolbear, app’n filed Oct. 31, °77: 

KF. L. Pope, Elizabeth, N. J., Atty of Record, and Jas. L. Nor- 
ris, Washington, D. C., Associate. 

Geo. B. Richmond, app’n filed Aug. 24, 77; 

G. W. Dyer, Washington, D. C., Atty. 
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Elisha Gray, app’n filed Dec. 4, °77 (No. 3) ; 

Baldwin, Hopkins & Peyton, Washington, D. C., Attys. 

A. G. Holeombe, app’n filed Jan. 20, °78; 

M. G. Farmer, Torpedo Station, Newport, Rh. I., Att'y. 
H. C. TOWNSEND, Ex’r. 350. 


| Endorsed] ‘* 128 9 Intf ‘*‘ E,” Mar. 26, 78.” 


Copy sent 
March 26, 1878. 
L.S. R. 
Room No. 118. [No. 14] | Interference. | 
All communications should be addressed to the Commissioner of Patents. 
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PATENT 174,465. — INTERFERENCE F. 
DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 
Wasnineton, D. C., March 26, 1878. 


Also copy to 
A. G. BELL, GARDINER G. HUBBARD, 


Care A. PoLLoKk,. Present. Cambridge, Mass. 


Please find below a copy of a communication from the Examiner, 


concerning your patent, No. 174,465, dated Mar. 7, ’76 Teleg- 


S 


raphy. 
Very respectfully, 


ELLIS SPEAR, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
applications named below, and the question of priority will be de 
termined in conformity with the rules accompanying this. The 
preliminary statement demanded by Rule 53 must be sealed up and 
tiled on or before the 6th day of May, 1878, with the subject of the 


invention and name of party filing it indorsed on the envelope. 


The subject matter involved in the interference is a telephonic 


transmitter, consisting of a coil of wire, one or more magnets, and 


INTERFERENCE G. / } oF = 


a disc or diaphragm, so arranged relative to each other that a motion 
of the diaphragm shall induce in the coil of wire an electric motive 
force in virtue of the presence of the magnet or magnets. 

This is substantially Holeombe’s Ist claim, and is deseribed and 
shown in applications of Dolbear and Gray, and patent of Bell. 

The parties to this interference are :— 

A. G. Holeombe, app’n filed Jan. 28, °78 ; 

M. G. Farmer, Torpedo Station, Newport, Rh. I., Attorney. 

A. E. Dolbear, app’n filed Oct. 51, °77; F. L. Pope, Elizabeth, 
N.J., Atty, and J. L. Norris, Washington, D. C., Associate. 
Klisha Gray, app’n filed Oct. 29, °77 (No. 1); Baldwin, Hopkins 
Peyton, Washington, D. C., Att’ys. 

350 | HW. C. TOWNSEND, Ex’r. 


ne 


c 


[ Endorsed] ‘158 10 Intf. F. Mar. 26th 1878.” 


Copy sent 
Mar. 26, 1878. 
ke 3S. GF. 
Room No. 118. [ No. 14. | | | Interference. | 


All communications should be addressed to the Commissioner of Patents. 
INTERFERENCE G. 
DEPARTMENT OF THE INTERIOR. 


UNITED STATES PATENT OFFICE, 


1S 
WasHinetron, D. C., Mech. 26, 1878. 
Also copy to 
A. G. BELL, (FARDINER G. HUBBARD, 
Care A. PotioKk, Present. Cambridze, Mass. 


Please tind below a copy of a communication from the Examiner 
concerning your patent for “ Telegraphy,” No. 174,465, dated Mar. 
7, 1876. 

Very respectfully, 
ELLIS SPEAR, 


(Commissioner of Patents. 


oe ee 
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Your case above referred to is adjudged to interfere with applica- 
tions named below, and the question of priority will be determined in 
conformity with the rules accompanying this. The preliminary state- 
ment demanded by Rule 53 must be sealed up and filed on or before 
the 6th day of May, 1878, with the subject of the invention and 
name of party filing it indorsed on the envelope. The subject 
matter involved in the interference is A telephonic receiver, consist- 
ing of the combination in an electric circuit of a magnet and a dia 
phragm supported and arranged in close proximity thereto, whereby 
sounds thrown upon the line may be reproduced accurately as to pitch 
and quality (substantially Gray’s claim). 

This is substantially covered by Holeombe’s 2nd claim, und is 
described or shown in the applications of Richmond, Dolbear, Edison 


and McDonough, and in patent of Bell. 


PARTIES TO INTERFERENCE. 


Elisha Gray, App’n tiled Dee. 4, 1877 (No. 3) ; Baldwin, Hopkins 
& Peyton, Washington, D. C., Att’ys of Record. 

George B. Richmond, App’n filed Aug. 24, 1877; G. W. Dyer, 
Washington, D. C., Att’y of Record. 

A. EF. Dolbear, App’n filed Oct. 31, 1877; F. L. Pope, Elizabeth, 
N.J., Att'y of Record; J. L. Norris, Washington, D. C., Asso. 
Att’y. 

T’. A. Edison, App’n filed Dec. 24,1877; (No. 148), L. W.Serrell, 
Box 4,689, New York City, Att’y of Record. 

A. G. Holcombe, App’n tiled Jan. 28, 1878; Moses G. Farmer, 
Torpedo Station, Newport, R. I., Att’y of Record. 

James W. McDonough, Apyp'n filed Apr. 10, 1876; Gridley and 
Sherburne, Chicago, Ill., Att’y of Record. 

A. G. Bell, Pat. No. 174,465, dated Mar. 7, 1876; A. Pollok, 
Wasl’n, D. C., Att'y of Reeord. 

Ht. C. TOWNSEND, Ex’r. 450 


[Endorsed] ‘* 1,58 11 Intf. G. Mch. 2€, 78.” 
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INTERFERENCE H. 2) 
Copy made 
Mar. 26, 1878. 
J, H. M. 
Room No. 118. [ No. 14. ] | Interference. | 


All communications should be addressed to the Commissioner of Patents. 
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INTERFERENCE H. 
DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 
W asuHtncron. D. C., Meh. 26, 1878. 
Also copy to 
A. G. BELL. GARDINER G. HUBBARD, 
Care A. PonttoK, Present. Cambridge, Mass. 


Please find below a copy of a communication from the Examiner 
concerning your Pat. No. 174,465, dated Mar. 7, 1876, 
* Telegraphy.” 
Very respectfully, 
KLLIS SPEAR, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with applica- 
tions named below, and the question of priority will be determined 
in conformity with the rules accompanying this. The preliminary 
statement demanded by Rule 53 must be sealed up and filed on or 
before the 6th day of May, 1878, with the subject of the invention 
and name of party filing it indorsed on the envelope. The subject 
matter involved in the interference is The combination in one circuit 
of two or more coils of wire, two or more magnets, and two or more 
dises or diaphragms, so arranged relatively to each other that if one 
of the dises or diaphrams be put in motion by the voice, by a cur- 
rent of air or otherwise, it shall induce a transient current of elee- 
tricity in its associated coil, which current shall actuate the other 
dises or diaphrams in virtue of the coils and magnets associated with 
them. (Holeombe’s 3rd claim. ) 

This is described and shown in applications of Dolbear and Gray, 


and patent of Bell. 
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PARTIES TO INTERFERENCE. 


A. G. Holcombe, App’n filed Jan. 28, 1878 ; 


Moses G. Farmer, Torpedo Station, Newport, R. I., Att'y of 


Reeord. 


Elisha Gray, App’n filed Oct. 29, 1877 (No. 1) ; 


Baldwin, Hopkins & Peyton, Washington, D. C., Attys of 


Record. 
A. BE. Dolbear, App’n tiled Oct. 51, 1877; 
KF. L. Pope, Elizabeth, N. J., Att'y of Record ; 
J. L. Norris, Washington, D. C., Asso. Atty. 
H. C. TOWNSEND, Ex’r. 400. 


| Endorsed} ‘158 12 Intf. H. Mch, 26, 78.” 


Copy, 


Mar. 25, 1878. [ No. 14. ] | Interference. ] 
rr. Ww. Ff. Patent 174,465. 


Room No. 118. 


INTERFERENCE L. 


DEPARTMENT OF THE INTERIOR. 


UNITED STATES PATENT OFFICE. 


All communications should be addressed to the Commissioner of Patents. 
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Wasuineron, D. C., Mar. 26, 1878. 
Also copy to 
ALEXR. G. BELL, GARDINER G. Hupsparp. 
Care A. PoLioK, Present.— Cambridge, Mass. 


Please find below a copy of a communication from the Examiner 
concerning your patent, No. 174,465, dated Mar. 7,’76.  Teleg- 


raphy. 


Very respectfully, 
ELLIS SPEAR, 


Commissioner of Patents. 


‘ 
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EX’R’S DECISION ON BELL’S MOTION TO DISSOLVE, ETC. / B1f 


Your case above referred to is adjudged to interfere with the 
applications named below, and the question of priority will be de- 
termined in conformity with the rules. accompanying this. The 
preliminary statement demanded by Rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject 
of the invention and name of party filing it indorsed on_ the 
envelepe. Ths subject matter involved in the interference is: Ist. 
The combination in an acoustic telegraph of an electro-magnet, and 
au polarized armature formed of a plate of iron, steel or other 
material capable of inductive action, and a resonant tube or case. 
(Edison’s Ist claim. ) 

2d. The combination in an acoustic telegraph of an armature plate 
polarized by induction, a resonant case or tube, and an electro-magnet 
and circuit connections, whereby reverse currents are caused to act 
in the electro-magnet with varying intensity proportionate to the 
electric waves sent from the transmitting station. (Edison’s 2nd 
claim. ) 

This subject matter is described and shown in the applications of 
Edison and Gray. 

The parties to this interference are: T. A. Edison, app’n filed Dee, 
13, 77 (case 145); L. W. Serrell, box 4,689, N. Y. City, Att’y of 
Record. Elisha Gray, app’n filed Jan. 17, ’78; Attys, Baldwins 
Hopkins & Peyton, Washington, D. C. 

H. C. TOWNSEND, Ex’r. 400. 
[| Endorsed] ‘3°28 13 Intf. L. Mar. 26, 1878.” 


Copied. 
Room No. 3. 
DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 
Wasuinatron, D. C., Dec. 26. 1878. 
BEFORE THE PRIMARY EXAMINER. 
IN RE INTERFERENCE, BELL VS. GRAY ET ALe 
Subject Matter: Telephony. 
Cases from A to L. 


A. G. BELL, KLISHA GRAY, 


Care A. PoutuoKk, Present. Care BaLpwin, Hopkins 
& Peyton, Present. 


wee 


“4 
p2 FILE OF BELL PATENT, NO. 174,465. 
“A. G. HoLcomsBe, Amos E. DoLBEAR, 
Care M. G. Farmer, Care Jas. L. Norris, Present. 
Torpedo Station, Newport, hk. I. 
Gro. B. RicumMonp, EMILE BERLINER, 
Care Gro. W. Dyer, Present. Care A. PoLttoK, Present. 
THos. A. Epison, Jas. W. McDonouen, 


Care L. W. SERRELL, Care GRIDLEY & SHERBURNE, 
P. O. Box, 4,689, N. Y. City. Chicago, Ill. 


The motion made on behalf of Bell to dissolve and reform these 
interferences is denied by the Primary Examiner. 

In the absence of any appeal from this decision within one week 
from date, these cases will be returned to the Examiner of interfer- 
ences, and proceeding looking to the determination of the question 
of priority will be resumed. 


200 H. C. TOWNSEND, Ex’r. 


Copied. 
Room No. 118 


DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 
Wasuinaton, D. C., Dec. 30, 1878. 
BEFORE THE PRIMARY EXAMINER. 
IN RE INTERFERENCE, BELL VS. GRAY ET AL. 


Subject Matter, Telephony. 
Cases, A to L. 
A. G. BELL, Evisua Gray, 
Care A. Potuok, Present. Care Batpwin, Hopkins, 


& Peyton, Present, 


“> 


| 


OFFICIAL LETTER. 


yy OF 


% 


A. G. Honcomser, Amos E. DoLpear, 
Care M. G. FARMER, Care Jas. L. Norris, Present. 


Torpedo Station, Newport, R. I. 


GrEO. B. RichmMonp, | EMILE BERLINER, 
Care Geo. W. Dyer, Present. Care A. PoLttok, Present. 
THos. A. EDIson, Jas. W. McDonoven, 


Care L. W. SERRELL. Care GRIDLEY & SHERBURNE, 
P. O. Box, 4,689, N. Y. City. Chicago, Ill. 


The limit of appeal from the decision of the Primary Examiner 


upon Bell’s motion is extended to Jan’y 4th, 1879. 


H. C. TOWNSEND, Ew’r. 


Room No. 118 

All communications should be addressed to the Commissioner of Patents. 
Copied. 

DEPARTMENT OF THE INTERIOR, 
UNITED STATES PATENT OFFICE, 
Wasuincton, D. C., Dee 29, 1879. 

A. G. BELL 

Care A. PoLLOK PRESENT. 

Telegraphy Patent No. 174465 
Mar 7, 1876. 

The application of Wm. L. Voelker. of Morton, Pa., filed May 
19, 1879 Atty-of-record R. D. O. Smith Present, has been this day 
included in the interference designated “A”, declared Mar. 26, 
1878, between the applications of Way (No 1), Edison (130), 
Berliner Richmond Dolbear, Holcombe and patent of Bell No 
174465. 

The application of Voelker substantially covers the invention in 
controversy. Until Jan’y 19, 1880, has been allowed for filing the 


preliminary statement. 


H. C. TOWNSEND, Ex’r. 150 


[ Endorsed} **153 14 Office Letter Dec. 29, 1879.” 
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All communications should be addressed to the Commissioner of Patents. 


Copied. 
DEPARTMENT OF THE INTERIOR, 
UNITED STATES PATENT OFFICE, 
Wasnineton, D. C., Dec. 29, 1879. 
| A. G. BELL 


Care A. PoLtitok, Present. 
Telegraphy Patent No 174465, 
Mar 7, 1876. 

The application of Wm. L. Voelker of Morton Pa., filed May 19, 
1879, Atty-of record R. D. O. Smith, Present, has been this day 
included in the interference designated “ B”, declared Mar. 26, 1878, 
hetween the applications of Gray (No 1) Edison (130) Berliner, 
Richmond & Bell patent No 174465. 

The invention in controversy is substantially claimed by Voelker 
claim 1. Until Jan’y 19, 1880, has been allowed for filing the pre- 
liminary statement. 

H. C. Townsenpn, Ex’r. 
150 


[| Endorsed} ** 158 15 Office Letter, Dec. 29, 1879.” 


MEMORANDUM OF FEE PAID AT U. S. PATENT OFFICE. 
Inventor. 
A. G. BELL. 


Patent to be issued to 


Invention. 
Telegraphy. 


Date of Payment, 


Mech. 4th, ’76. 
Final 
Fee, 
S2Q, 
Solicitors, 
PottoKx & BaILey, 


Present. 


WRAPPER. 


FILE 


1876. 58 


No. 174,465. 


Of 


ALEXANDER GRAHAM BELL. 


Salem. 


County of 


ty 


State of 


Mass. 


TELEGRAPHY. 


Rec'd Feb. 14, 1876. 
Petition, rr 66 
Affidavit, 6 6 
Specification, z ‘ 

66 6 


Drawing 2 sheets, 
Model. 

Cert. dep. 

Cash $15. Feb. 14, 1876. 

Addl Fee Cert. 

Cash $20. Meh. 4, 1876. 
Examined March 3d, 1874, Wilber. 
Issue March 3, ’°76, Knight, M. 
Patented Meh. 7, 1876. 

Circular Meh 3, 1876. 


66 é6 


POLLOK & BAILEY, 
Present. 
1876. 
CONTENTS. 


Application, 1 paper. 
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At a Stated Term of the Cireuit Court of the United 
States for the Southern District of New York, held 
at the Court House, Post-Office Building, in the 
City of New York, on the 13th day of February, 
1885. | 


Present—Hon. Wm. J. WALLACE, Justice. 


THE AMERICAN BELL TELEPHONE Com- | 
PANY ET AL. : 


AGAINST 


THE MoLeEcuLAR TELEPHONE COMPANY | 
ET AL. | 


On reading and filing the affidavits of Wheeler H. Peckham and 
of George Bell, hereto annexed, and after hearing Mr. Peckham fo1 
the motion and Mr. Dickerson in open Court consenting, it is 

Ordered, that the motion of defendants to amend the answers 
herein in the manner asked in the notice of motion be, and the sam: 
is hereby, granted. 

Ordered further, that said answers. be, and the same are hereby 
amended wuUnhC Pro tune as of the date of filing the same hy in- 
serting on the 6th page, folio 351, immediately after the words, 
‘“ Cambridge, Mass,” where it secondly occurs, and before the wor 
‘‘and also,” the following words, *‘ (se0rge W. Beardslee, of Brook- 
lyn, New York, at College Point, Long Island, New York, and at 
Brooklyn, New York,” and by inserting the same words on page 
fourteen of said answer opposite folio fifty-four immediately befor 
the words “and also by numerous.” 

Wma. J. WALLACE. 
(A COpy.) 
SEAL. | TIMOTHY GRIFFITH. 


EK. L. M. Clerk. 
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STIPULATION, 3 


but either party shall be at liberty to take further evidence, if need 
be, in relation to the meaning of the originals or any part thereof 
in a foreign language from which the said translations have been 
made. 

3. The defendants and the complainants herein respectively may 
also put in evidence copies ot any caveats, patents, applications for 
patents or other documentary matter, not embraced in the publica- 
tions already hereinbefore referred to, contaimed in the printed rec 
ords of the following cases formerly pending in the Circuit Court 
of the United States, within the District of Massachusetts, to wit: 
Bell Telephone Company ef v/. vs. Peter A. Dowd; American Bell 
Telephone Company vs. Albert Spencer ef a/.; and American Bell Tel- 
ephone Company vs. Amos E. Dolbear ef @/.; and such copies, so 
put in evidence, shall have the same foree and ettect in this cause as 
though the originals thereof had been produced and duly proved 
herein. 

4. The defendants herein may also put in evidence copies, duly 
certified from the Patent Office, of the testimony taken on behalf of 
James W. McDonough, and of the documents, drawings and models 
referred to therein as exhibits in the interference designated “ G.” 
declared March 26, 1878, between him, Elisha Gray, Amos KE. Dol 
bear, Alexander Graham Bell, George B. Richmond, Thomas A. Ed- 
ison and Emile Berliner, and such copies, so put in evidence, shall 
have the same force and effect as if the said testimony had been 
originally taken, sworn to and filed in this cause. 

5. All the evidence taken and hereafter to be taken in the case 
of the American Bell Telephone Company et al. vs. The People’s 
Telephone Company ef ¢/., pending in the Circuit Court of the 
United States. within the Southern District ()} New York, shall he 
considered and treated as if the evidence for complainants and «e- 
fendants respectively in that CAUSe had been take n, sworn. to an | 
filed On behalt of the complainants and defendants respectively in 
this cause, and the printed record in that cause shall constitute part 
of the record upon which this cause shall be presented for judicial 
determination at final hearing. | 

GEO. L. RopeErts, 
Of Counsel for Complainants. 
MILLER, PeckuHam & Dixon, 
Defendants’ Attorn: ys. 
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rf a.“ U. S. CIRCUIT COURT, 
| For THE SocTHERN District OF NEW YORE. 


[In Eaviry.] 


AMERICAN 3eELL 4 «€6'TELEPHONE COM- 
PANY ET AL., 
Compiainants, 


liane wi 


AGAINST a 


MoLECULAR TELEPHONE COMPANY 
ET AL.. | 
Defendants. 


Testimony taken on the part of the defendants pursuant to Rule 
67 of the U. S. Supreme Court, as amended, this 12th day of May, 
1884, at No. 29 Wall street, in the City of New York, before me, 

JosEPH A. WELCH, 
Special Examiner. 
PRESENT : 

Mr. Gro. L. Roperts, Counsel for Complainants. 

Mr. WHEELER H. PEcKHAM, Mr. A. Q. KEAsBEY, and Mr. W. S. 
Knox, Counsel for Defendants. 


1. Defendants put in evidence an extract from the work entitled 
“* Der Elektromagnetisthe Telegraph,’ by Dr. H. Schellen, 1867,” as 
the same is printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pages 694, 695, 696, 697, and as there en- 


titled, and with the accompanying cuts. 


2. Defendants also put in evidence extract from publication en- 
titled “‘ The Electric Telegraph, by Robert Sabine, London, 1867, 
pages 136-158,” as the same is printed in the printed record, Bell 
Telephone Company ef a/. vs. Peter A. Dowd, pages 697, 698, 699, 
with the accompanying cuts, and as there entitled. 


3. Defendants also put in evidence an extract from a work en- 
titled “ ‘ Electricity and Magnetism, by Jenkin, a book printed and 
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Fi 


, x 

;, ; . ; o 
published in London and in the City of New York, in the yeér 
1873,” pages 334, 335, 336, to be marked “ Defendants’ Exhibit Ex- 
tract from Electricity and Magnetism, by Jenkin. J. A. W., Sp. Ex- 


° ” 
aminer., 


4. Defendants also put in evidence an extract from “ Hessler’s 
Technical Physics, Vienna, 1866, Vol. 1, p. 648,” as the same is 
printed in the printed record, American Bell Telephone Company 
vs. Amos E. Dolbear et a/., pages 599 and 600, and as there en- 


titled. 


5. Defendants put in evidence “ Yearly Report of the Physical 
Society at Frankfurt-a-M., 1860-61, pp. 57-64 (published in 1862),” 
as the same is printed on pages 537, 538, 539, 540, 541, 542, 543, 
544 of the printed record in the case, American Bell Telephone 
Company vs. Amos E, Dolbear e¢ a/., with the accompanying plates, 
and also with three additional plates contained in the original pub- 
lication and entitled respectively ‘“ Unkehrungen eines Dreiklanges, 


Tafel 1,” and “C dur. Tafel I[,” and ‘ Tafel ILL.” 


6. Defendants also put in evidence extract from ‘‘ A printed 
publication in the German language, entitled Zeitschrift des Deutsch 
Oesterreichischen Telegraphen-Vereins,” Vol. 9, a book printed and 
published at Berlin, in 1862, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 
et al, on pages 547, 548, 549, 550, 551, 552, 553, and as there entitled, 


with the accompanying plates. 


7. Defendants also put in evidence extract from ‘A printed 
publication in the German language entitled ‘ Die Neueren Apparate 
der Akustik,) von De Prof. Fr. Jos. Pisco, printed and published in 
1865,” as the same is printed on pages 582, 583, 584, 585, 586, 587, 
588, 589, 590, 591, 592, 593, to be divided and entitled as in th: 
printed record, by the above pages, in the case of the American 
Bell Telephone Company vs. Amos E. Dolbear ef «/. 


May 13, 1884. 


8. Defendants put in evidence extract from a work entitled 
‘“ Electricity, by R. M, Ferguson,” published in London and Edin- 
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burgh in 1867, at pp. 257, 258, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 
il., pp. 601, 602, 603, with the accompanying cut, and as there 


entitled. 


9. Defendants put in evidence “ The Telegrapher ~ published in 
the City of New York, in 1869, Vol. 5, No. 39, containing a reprint 
of Dr. Van der Weyde’s Article, in the “ Manufacturer and Builder 
for May, 1869. 


10. Defendants put in evidence tic The Manufacturer and Build- 
in the Citv of New York, for May, 1869, 


. 


er,” a journal published 1 
Vol. 1, No. 5, at page 129 to foot of article in first column of page 


11. Defendants put in evidence an article from a work entitled 
‘The Wonders of Electricity, translated from the French of J. 
sauile. New York, Seribner. Armstrong & Co., 1872, pp. 140-143,” 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et al., pp. 611, 612, 613, and 


as there entitled. 


12. Defendants put in evidence extract from Dingler’s Polytech- 
nic Journal, Vi 1. 169, p. 399, as the same is printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear 


et al., pp. STL 572, and as there entitled. 
> & 


15. Defendants put in evidenee “Cosmos,” Vol. XXIV. 
pages 349, 352, printed and published at Paris, March 22, 1864, as 
the same is printed in the printed reeord, American Be! 3 1] Telephone 
Company vs. Amos E. Dolbear e¢ «/., pp. 977, 578, 579. 580. and as 


there entitled. 


14. Defendants put in evidence extract from ‘“ Koenig’s Cata- 
logus des Appareils d’ Acoustique,” Paris, 1865, page 5, as the same 
Is printed in the printed reeord. Amer ‘an Be I] TT le ephone Company 


Amos E. Dolbear et al. Dp. asl. “ee and as there entitled. 


15. Defendants put in evidence extract — Du Moncels’ Ex- 
pose des Applications de |’ Electricite, vol. » p- 225, edition L854, 
vol. 3, p. 110, edition 1856, as the same is peter in the printed 
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record, American Bell Telephone Company vs. Amos E. Dolbear 
et ul., pp. 532, 533, 534, and as there entitled. 


16. Defendants put in evidence three extracts from ‘‘ Didask- 
alia,” a journal published in Frankfort-on-the-Main, Sept. 28, 1854, 
No. 232, and on May 11, 1862, No. i130, and on May 14, 1862, No. 
135, the first of the same as it is printed in the printed record, 
American Bell Telephone Company vs. Amos E. Dolbear, ef «/. pp. 
531, 532, and as there entitled, and the second and the third of the 
same as they are printed on pp. 66, 67 and 68 of a printed publica- 
tion entitled “Philipp Reiss, Inventor of the Telephone,” by Sil- 
vanus P. Thompson, B. A. D. &c., Professor of experimental 
Physics in University College, Bristol, London, 18853. 


Counsel for complainants objects tuo the introduction of 
the last two extracts from Thompson’s book, as inadmissible 
and incompetent. 


17. Defendants put in evidence extract from “ Frankfurter con- 
versationsblatt, Nov. 29th, 1861, and June 30th, 1863, as the same 
is printed in the printed record American Bell Telephone Comp: 
vs. Amos E. Dolbear e7 a/., pp. 535, 536, 537. and as there entitled. 


18. Defendants put in evidence extract from ‘‘ Fortschritte Der 
Physik, XVII., for 1861, pp. 171-3," a Journal published in Berlin, 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos EK. Dolbear ef a/., pp. 544, 545, 546, and 
as there entitled. 


19. Defendants put in evidence extract from “ Lehrbuck der 
Physik and Meteorologic, Von Joh. Muller, Liebente Auflage, 
Zweiter Band, 1868, pp. 586-589, Galvanisches Tonen,” as the same 
is printed in the printed record, American Bell Telephone Company 
vs. Amos E. Dolbear ef a/., pp. 603, 604 and 605, with the accom- 


panying cuts, and as there entitled. 


20. Defendants put in evidence extract from “ Bottger’s Poly- 
technisches Notizblatt,” Nos. 1 to 24 inclusive, published in 1863, 
as the same is printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear et a/., pp. 557, 558, 559, 660, 


and as there entitled. 
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21. Defendants put in evidence extract from ‘ Deutsches Klinik, 
No. 48, Nov. 28, 1863, pp. 468, 469, as the same is printed in the 
printed record, American Bell Telephone Company vs. Amos E. 
Dolbear e¢ al., p. 535, and as there entitled. 


22. Defendants put in evidence extracts from the ‘“ Deutsche 
Tndustrie Zeitung, 1863, Chemnitz,’ as the same is printed in the 
printed record, American Bell Telephone Company vs. Amos E. 
Dolbear et al., pp. 553, 554, 555, 556, 557, and as there entitled. 


23. Defendants put in evidence extract from “ Die Gartenlaube,” 
No. 51, December, 1853, as the same is printed in the printed record, 
American Bell Telephone Company vs. Amos E. Dolbear e¢ a/., pp. 
572, 573, 574, 575, 576, 577, with the accompanying cut, and as 


there entitled. 


24. Defendants put in evidence extract from “ Polytechnisches 
Centrablatt, 1863, pp. 857-9,” as printed in printed record, American 
Bell Telephone Company vs. Amos E. Dolbear eZ a/., p. 560, and as 
there entitled. 


25. Defendants put in evidence extract from “ Journal of the 
Society of Telegraphic Engineers and of Electricians for March, 
1883, No. 46,” as printed in the printed record, American Bell Tele- 
phone Company vs. Amos E. Dolbear e¢ a/., pp. 561, 562, 563, 564, 
with the accompanying cut, and as there entitled. 


26. Defendants put in evidence “ Tagesblatt der 39 Versamm- 
lung Deutsche Naturforscher,”’ published in Giessen, in September, 
1864, as the same is printed on page 94 of Prof. Sylvanus P. Thomp- 
son’s book on Philipp Reiss, before referred to. 


Objected to as inadmissible and incompetent. 
27. Defendants put in evidence “ Zollner’s Buch der Erfunden- 
gen, published in Leipsic and Berlin in 1865 and in 1872. 
[See Deposition Dr. Van der Weyde, Ints. 194, 195. | 
28. Defendants put in evidence extract from ‘“‘ Handbuch der 


Angewandten Elecktricitatslehre Von Karl Kuhn, 1865, pp. 1017- 
agai : ee 
1021,” as the same is printed in the printed record, American Bell 
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Telephone Company vs. Amos E. Dolbear e¢ al., pp. 593, 594, 595, 
596, 597, 598, 599, with the accompanying plates, and as there en- 
titled. 


29. Defendants put in evidence extract from “Catalogue of J. 
Wilh. Albert, mechanician at Frantfort-on-the-Main, 1873,” as the 
same is printed in the printed record, American Bell Telephone 
Company vs. Amos E. Dolbear e¢ a/., p. 613, and as there entitled. 


30. Defendants put in evidence “ Zeitschrift Deutsch Oesterrich- 
ischen Telegraphen-Vereins,” published at Berlin, Prussia, in the 
year 1862, Vol. 9, p. 125; containing a reprint of the “ Reis-Legat 
Article.” 


31. Defendants put in evidence extract from “ Aus der Natur,” 
published in Leipsic, 1862, Vol. 21, pp. 470, 471 to p. 484. 


32. Defendants put in evidence extracts from “ Zeitschrift des 
Architectur und Indenieur Verein,” 1866, Vol. 12, p. 147, marked 
“J. A. Welch, Special Examiner, May 15, 1884.” 


33. Defendants put in evidence extract from “ The Dublin Med- 
ical Press,” 1863, Vol. 50, No. 1293, p. 471, marked “J. A. Welch, 
Special Examiner, May 13, 1884.” 


34. Defendants put in evidence extract from “ Cosmos,” 1863, 
Vol. 23, p. 705, marked “J. A. Welch, Special Examiner, May 15, 
1884.” 


35. Defendants put in evidence extract from ‘‘ Scientific Ameri- 
‘an Supplement,” February 5, 1876, pages 92, 93, marked “J. A. 
Welch, Special Examiner, May 15th, 1884.” 


36. Defendants offer in evidence extract from “ Scientific Ameri- 
can,’ of March 4th, 1876, as the same is.printed in the printed 
record, American Bell Telephone Company vs. Amos E. Dolbear ef 
al., pp. 614, 615, 616, 617, with the accompanying plate, and as there 
entitled. 
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May 14, 1884. 


37. Defendants put in evidence extract from “ Electric Tele- 
graph,” by Dr. Lardner, pp. 164-167, as the same is printed in the 
printed record, Bell Telephone Company vs. Peter A. Dowd, 
pp. 699, 700, 701, 702, with the accompanying cuts, and as there 
entitled. 


38. Defendants put in evidence extract from “ Annual Report of 
American Association for the Advancement of Science,” for 1869, 
as the same is printed in the printed record, American Bell 
Telephone Company vs. Amos E. Dolbear e¢ a/., p. 610, and as there 
entitled. 


39. Defendants put in evidence extract from “ The Telegraphic 
Journal and Electrical Review,” published in London in the year 
1875, Vol. 3, at pp. 286, 287, 288. 


40. Defendants put in evidence Letters Patent of the United 
States, granted to Thomas A. Edison and George Harrington, dated 
August 12, 1873, No. 141,777, as the same are printed in the printed 
record, Bell Telephone Company e¢ a/. vs. Peter A. Dowd, pp. 571, 
572, 573, with the accompanying plate, and as there entitled. 


41. Defendants put in evidence Letters Patent of the United 
States, granted to Elisha Gray, July 27, 1875, No. 166,096, as the 
same are printed on pages 615, 616, 617, 618, 619, 620, in the printed 
record, Bell Telephone Company ef al. vs. Peter A. Dowd, and as 
there entitled. 


42. Defendants put in evidence Letters Patent of the United 
States, granted to Elisha Gray, dated July 27, 1875, No. 166,094, as 
the same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 577, 578, 579, with the accompanying 
cut, and as there entitled. 


43. Defendants put in evidence Letters Patent of the United 
States. granted to Elisha Gray, dated July 27, 1875, No. 166,095, as 
the same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 579, 580, 581, 582, with the accompany- 
ing cut, and as there entitled. 
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Also, as printed on pp. 605, 606, 607, 608, 609, 610, 611, 612, 613° 
614, 615 of the same record, and as there entitled. 


44. Defendants put in evidence caveat filed by Elisha Gray in 
the United States Patent Office, February 14, 1876, as the same is 
printed in the printed record, Bell Telephone Company ef a/. vs. 
Peter A. Dowd, pp. 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, 
with the accompanying plate, and as there entitled. 


45. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated April 11, 1876, No. 175,971, as 
the same is printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pages 651, 2, 3, 4, with the accompanying 


plates, and as there entitled. 


46. Defendants put in evidence Letters Patent granted to Elisha 
Gray, dated January 16, 1877, No. 186,540, as the same is printed in 
the printed record, Bell Telephone Company ef a/. vs. Peter A. 
Dowd, pp. 667, 668, 669, 670, 671, and as there entitled. 


47. Defendants put in evidence British Letters Patent granted 
to Cromwell Fleetwood Varley, dated April 8, 1870, No. 1044, as the 
same is printed in the appendix to the printed record, American 
sell Telephone Company vs. Amos E. Dolbear ef a/., between the 
printed patent No. 78,495, and the printed patent No. 239,742, with 
the four accompanying plates, and as there entitled. 


48. Defendants put in evidence British Letters Patent granted 
to John Henry Johnson, July 29, 1874, No. 2646, as the same are 
printed in the printed record, Bell Telephone Company ef? a/. vs. 
Peter A. Dowd, pp. 565, 566, 567, 568, 569, 570, 571, with the ae- 


companying plates, and as there entitled. 


49. Defendants put in evidence British Letters Patent granted 
to Charles Wheatstone and Wilham I. Cooke, dated January 21, 
1840, No. 8345, as the same are printed in the printed record, Bell 
Telephone Company eé a/. vs. Peter A. Dowd, pp. 501 to 546, inclu- 


sive, and as there entitled. 


50. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated February 15, 1876, No. 173,460, 
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as the same is printed in the printed record, Bell Telephone Com- 
pany et al. vs. Peter A. Dowd, pp. 650, 651, with the accompanying 
plate, and as there entitled. 


51. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated July 20, 1875, No. 165,728, as 
tle same are printed in the printed record, Bell Telephone Company 
et al. vs. Peter A. Dowd, pp. 573, 574, 575, 576, with the accompany-_ 
ing plate, and as there entitled. 


52. Defendants put in evidence Letters Patent of the United 
States granted to Robert M. Lockwood and Samuel H. Bartlett, 
dated June 15,1880, number 228,824, and marked “ Defendants’ Ex- 
hibit Lockwood & Bartlett's Patent for transmitter for telephones, 


J. A. Welch, Special Examiner, May 14, 1884.” 


53. Defendants put in evidence Letters Patent of the United 
States granted to Robert M. Lockwood and Samuel H. Bartlett, 
dated June 15, 1880, number 228,825, and marked “ Defendants’ Ex- 
hibit Lockwood and Bartlett Patent for Telephone Receiver, J. A. 
Welch, Special Examiner, May 14, 1884.” 


D4. Defendants putin evidence the deposition of William M. 
Goodridge taken in case, Bell Telephone Company ef a/ vs. Peter 
A. Dowd, as the same is printed in the printed record in said case, 
pp. 68 to 110 inclusive, and on pages 269 to 278 inclusive ; also the 
deposition of Elisha Gray taken in said case, as the same is printed 
in the same record, on pages 111 to 156 inclusive, and on pages 279 
to 285 inclusive ; also the exhibits printed in said record on pages 
973 to 691 inclusive, with the preceding plate, and the plate exhib- 
its printed between pages 718 and 719 of said record, and as there 
entitled, and the exhibits printed in said record from pages 719 to 
735 inclusive, and the plates printed between pages 735 and 736 of 
said records, and as there entitled, and the exhibits printed on pages 
736 to 746 inclusive, and the plates printed between pages 746 and 747, 
and as there entitled, and the exhibits printed between pages 747 
and 760 inclusive ; also the plates printed on pages 762 to 771 in- 
clusive, also on pages 773; also the first three exhibits on page 775, 
and as there entitled, except the reference to the record. 


0d. Defendants put in evidence the testimony for James W. Mc- 
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Donough with the accompanying exhibits, taken in the speaking 
telephone interferences, to the end of page 67, marked “ Defend- 
ants’ Exhibit McDonough evidence, J. A. W., Special Examiner, 
May 14, 1884.” 


56. Defendants put in evidence copy of stipulation between the 
respective parties in this suit, and the same is marked “ Exhibit 
Stipulation of parties, J. A. Welch, Special Examiner, May 14, 
1884.” 


May 20, 1884. 


57. Defendants put in evidence Letters Patent of the United 
States granted to Elisha Gray, dated February 15, 1876, number 
173,613, and the same is marked “ Defendants’ Exhibit, Gray’s Pat- 
ent of February 15, 1876, J. A. W., Special Examiner, May 20, 1884.” 


58. Defendants put in evidence Letters Patent of the United 
States, granted to Alfred G. Holcomb, dated May 15, 1860, number 
98,274, and marked “ Defendants’ Exhibit Patent of Alfred G. Hol- 
comb, J. A. W., Special Examiner, May 20, 1884.” 


59. Defendants put in evidence Letters Patent of the United 
States granted to Wilham Thompson, dated November 17, 1874, 
number 156,397, and marked “ Defendants’ Exhibit Patent of Will- 
liam ‘Thompson, J. A. W., Special Examiner, May 20, 1884.” 


JUNE 7, 1884. 


60. Defendants offer in evidence United States Patent Office 
copy of Specification forming part of Letters Patent No. 32,478, 
dated June 4, 1861. 

It is stipulated between the connsel, Mr. Dickerson, for com- 
plainants, and Mr. Peckham, for defendants, that the preceding ex- 
hibit being specification of Letters Patent, No. 32,478, dated June 4, 
1861, shall have the same force and effect in this cause as if the 
same had been specifically set up in the answer. 

J. A. WELCH, 
Special Examiner. 


JUNE 18, 1884. 


14 DEFENDANTS EXHIBITS. 


61. Defendants offer in evidence an article entitled “ Improve- 
ment in Electro-Magnets,” printed in the “Scientific American,” 
New Series, Vol. I[]., No. 17, October 20, 1860, p. 264, and the 
same is marked “J. A. W., Sp. Exr., June 18, 1884.” 

J. A. W., 
Sp. Exr. 
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(No. 1.) Defendant’s Exhibit Schellen Translation: 
J. A. W., Examiner. 


(Introduced, Record, page 4. | 


TRANSLATION FROM WORK ENTITLED “ DER ELECTROMAGNETISCHE 
TELEGRAPH,” BY Dr. H. SCHELLEN, 1867, PAGES 539-542. 


‘ Figure 375 represents the action of the electro-magnet E upon 
the printing mechanism of the apparatus, and also the device for 
coupling together the two parts 4 and ¢’ of the printing axis. 

“'The cores of the electro-magnet are not connected together at 
the back by a yoke, as in the case of an ordinary electro-magnet, 
but as shown in Fig. 376, they are attached to the N and 8 poles of 
a powerful steel magnet. The action of this magnet upon the cores 
is regulated by means of an armature of soft iron placed on the legs 
N and S which can be moved up or down. The nearer it is placed 
to the end of the poles the less will be the magnetic effect upon the 
cores of the electro-magnet. 

‘“ By this arrangement the cores are constantly magnetic, and 
attract the armature ~ (Fig. 375), as long as no current passes 
through the coils. .A strong steel spring 7 operating on the arm F 
serves by its attractive power to withdraw the armature when, by 
the passage of a current through the coils, the magnetic power 
derived from: the steel magnet is neutralized. In order to avoid 
too strong an attraction, the armature does not touch the surface of 
the poles, but is separated by a space equal to about the thickness 
of an ordinary sheet of paper. 

“When a current whose polarity is opposite to the polarity of 
the steel magnet is passed through the coils E, EK the magnetism is 
weakened or neutralized, and it no longer holds the armature 
against the retractile force of the spring 7, which immediately draws 
the armature upward with considerable power. This movement is 
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Fic. 375. 


communicated to the lever dd’ which has its center of motion at the 
axis H. One end of the lever rests, with an adjusting screw, on the 
top of the armature; therefore, when under the action of the cur- 
rent, the armature is released and flies upward, one extremity ¢ is 
raised with it, while the other goes downward, and it is by this 
movement that the coupling of the two portions of the printing axis 
b, b (Figs. 369 and 370) is effected, and the motion of the wheel 
work transmitted from the pinion 5 to the front part of the printing 
axis 4’ and its four cams. 

“The transmission of this motion is effected in the following 
manner: On the back part of the printing axis b,, a wheel g (Fig. 
375), with very fine and strong teeth, is fixed. On the front part of 
the axis 4’ is a circular sector //’, on one side of which is a flyer ©’, 
to which is attached a detent ce’. This detent has three teeth which 
gear into the teeth of wheel g. On the other side of the sector is a 
spring 6 which presses dowr the toothed detent, which with its 
flyer ¢ is allowed to rise and fall a little. When it is free as repre- 
sented in Fig. 375, the spring v presses the detent ¢’, into the teeth 
of wheel g, and it revolves with the wheel in the direction indicated 
by the arrow, and thus the rotation of printing axis 4, at once 
effects the revolution of the circuit // and the axis 6,. When, how- 
ever, cc’ is raised, its teeth leave the wheel ; the latter continues to 
turn while the motion of the sector and the axis /’ is arrested. 

‘“'The sector / / also carries an eccentric cam uw, which raises the 
end @’ of the lever, when by the action of the armature v it has fallen. 
This movement presses the armature against the poles of the mag- 
net, where it remains attracted by the permanent magnetism of the 


cores so long as no current passes through the coils. When in thé 


position shown in the engraving, the sector / /’ turns in the direction 
of the arrow, and after making half of a revolution the front part (in 
Fig. 375 the lowest part) of the cam w slides under the extreme end 
of lever d’. As the following end of the cam is more distant from 
the axis 4’ than the front end, the extreme end of lever @ is raised 
by the cam, the other end d@ consequently falls and the adjusting 
screw returns the armature to the poles of the electro-magnet. 

“Tn the figure the front end of the cam ~ has not reached the 
end of the lever /, therefore this end is depressed, and the toothed 
detent is still engaged with the teeth of wheel g. When the axis // 
is turned a little farther @ will have reached its highest position, 
and d will be resting against the armature of the magnet. The 
axis 4’, sector //’, and flyer ¢ continue to revolve; but when the 
revolution of the axis 4’ is nearly completed the flyer ¢’, to which « 
is attached, reaches the inclined end of the arm d@, which is now 
firmly held, and moves upward, lifting c” out of the teeth of wheel ¢ 
By this the printing axis /’ is disconnected from 4, and the revolving 
wheel work and its motion arrested, in which position of rest it 
remains until the arm / again falls, owing to the release of the 
armature by a current passing through the coils, when the flyer ¢ 
is set free ; c” again catches into the wheel yg, and thus both / and 
4 are again coupled together. It will be seen that the printing 
axis /’ makes a complete revolution at each action of the electro- 
magnet, and that the movement of armature 7 and the release and 
action of the printing mechanism is effected exclusively by me- 
chanical power, and not by the power of an electric current. The 
current, during its very short duration, merely weakens or destroys 
the permenant magnetism of the cores of the magnet, at which the 
spring 7 raises the armature n and through the lever dd regulates 
the motion of the printing mechanism.” 
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(No. 2). Defendants’ Exhibit, Extract from publica- 
tion entitled *‘ The Electric Telegraph,” 
by Robert Sabine, London, 
1867, pages 136-138. 


J. A. W., Examiner. 
|Introduced, Record, page 4.| 


“84. The Magneto-liduction NKey.—Instead of the Morse key, 
induction coil, and local battery, Siemens and Halske use also an 
instrument arranged in the form of a key, by which a coil of wire, 
wound on a soft iron armature, is oscillated between the poles of a 
permanent Inagnet, and develops alternate currents for working the 
polarized relay. 

“The magneto-induction key is shown in Fig. 
Sand N are two rows of permanent bar-magnets ; the upper ones 
with them North ends, and the lower ones with their South ends in 


( 


5 in perspective. 


contact with a stout plate, p, of soft iron in the same way is 
in the transmitter of the magnetic electric poimter telegraph 
of the same inventors. Between the poles of this system, and 
oscillated in an angle of a few degrees by means of a handle, H, in 
the frame between two screw points, Is a soft iron armature as long 
1s the magnet system is wide, cut in deep longitudinal grooves on 
opposite sides, ibs LS showm by the sectional sketch Fig. 76, In these 
vrooves the coil C of fine insulated wire is wound. The play of the 
handle is hmited by two adjusting screws in the frame A. When at 
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rest, the handle is held against the upper screw by a spiral spring 
S stretched between the handle and front of the triangular piece D 
on the top. 


“ One end of the coil of wire on the armature is attached to the 
screw / on the terminal K, from which one connection goes to line 
and another to the SCTEW 7%, at the foot of the frame \. Phe other 
end of the coil is connected with the metal frame supporting the 
armature, and through the axis 7, to the upright support Q, from 
which a leading wire roes to terminal # and earth. 

“When the current arrives while the instrument is in cirenit 
with the line, it goes from L over R, W, upper adjusting screw in A, 
through handle H, axis + (), f, earth, without traversing the coil. 
This is the purpose of the connection between ht and W. 

me When the handle 1s pressed dow) , the polarits of the armature 
is reversed, and a positive magneto-electric current induced in the 
coil, which circulates also in the line wire. ; deflects the tongue 
station, from the insulated 


point, and closes the local circuit so long as the key is held down 


- 


of the polarized relay at the receiving 
and no negative current induced by letting the key go back to its 
position of rest.” 


Uf 


‘ 
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(No. 3.| Defendants’ Exhibit, Extract from “ Electric- 
ity and Magnetism,” By Jenkin. 


J. A. WEtcH, Special Examiner, May 12, 1884. 
(Introduced, Record, page 4.] | 
85. Sir William Thomson’s syphon recorder actually draws on 
paper the curves which we have learnt to construct theoretically. 
Ink is spurted from a fine glass tube on to paper drawn past it with 


Fic 162 


2 uniform motion ; the glass point of this tube moves to the right or 
left through distances proportional at each instant to the strength 
of the current, and thus the signals are drawn on the paper in the 
form of curves representing the strength of the current at each in- 
stant of time. 

The glass tube n (Fig. 163) is pulled backwards and forwards by 
being connected through the threads % h and lever i with a very 
light movable coil 4 6 placed between the two poles of a very pow- 
erful electro-magnet, not shown. A soft iron fixed core a is placed 


in the center of the coil. The coil oscillates about a vertical axis, 
being directed by a bifilar arrangement 7.f,. The received current 
passes through this coil from the terminals ¢7,,; the vertical arms of 
the coil are impelled across the magnetic field in one direction or 
the other-according to the sign and strength of the received current. 
The magnetic field in this arrangement is very intense and very uni- 
form, which gives great sensibility to the apparatus. The glass 
syphon ~ is strung on the wire / /,, the shorter end dips in the ink- 
trough m, and the longer end is opposite the paper 0; the syphon 
can be withdrawn from the ink by the slide p; the spring g keeps 
the threads / / taut; the directing force of the bifilar arrangement 
is adjusted by varying the position of the bracket 7; the two weights 
ww, hang from the coil by the two directing threads. If the coil is 
shunted so that there is a comparatively short circuit through which 
the current induced by its motion can flow, the electro-magnetic in- 
duction of the magnet on the coil tends to check rapid oscillations 
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not due to the signals. 


A certain portion of the received current is lost through the 
shunt, which is, however, rarely required, for the capacity of the 
cables connected with the coil is such that a very sensible induction 
tukes place even without the shunt. 

The ink is electrified by an induction machine similar in prinei- 
ple to that described in Chapter XIX, $ 1, and is thus made to Ay 
to the oppositely electrified strip of paper in a succession of fine 


drops. 
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(No. 4.) Defendants’ Exhibit, Hassler’s Description 
of Reis. 


Extract from Hassler’s Technical Physics, Vienna, 1866, Vol. J, 
p. 648. 


J. A. W., Sp. Ex’r. 
| Introduced, Record, p. 5. | 


The subject of phonotelegraphy will end this chapter. This 
rests upon a phenomenon first observed by Page, afterwards con- 
firmed by Mariana, and more exactly studied and experimented 
upon by Wertheim ; that is, that iron, under the influence of alter- 
nate magnetizing and demagnetizing by means of a galvanic helix, 
is set in longitudinal vibration and gives forth sound; and Reis 
showed beyond doubt the possibility of phonotelegraphy by means 
of an apparatus called by him telephone (Fig. 429), consisting of two 
parts—the actual telephone (I), and the reproduction apparatus 
(II), used at the second station at a distance. Both parts are con- 
nected with one another and with a battery s, as in ordinary tele- 
graphs. The battery s must be strong enough to work the armature 
a of the electro-magnets e ¢ (three or four six-inch Bunsen’s elements 
are sufficient for a distance of several hundred feet). The current 
passes from s to the binding screw 2, thence through the strip of 
copper ” into the disk of platinum 0, resting on the middle of a thin 
circular membrane (hog’s gut) stretched across the upper end of the 
wooden box 4, afterwards it goes through the foot (platinum point) 
of the metalhe angle a 4 ¢ (this point standing on the disk 0), into 
a vertical screw, provided with a small cavity at its upper end con- 
taining a drop of mercury, into which there dips from @ a, a platinum 
point suspended above, while the angle a? ¢ rests at ¢, on a small 
metalhe pillar, so as to be very easily made to vibrate about @ and 

From this pillar (at ¢c) the current goes through the key ¢ and 
into the binding screw 7 connected with the wire leading to the pil- 
lar, thence through a wire stretched from this screw into the bind- 
ing screw 3 on the apparatus 4, then through the key ¢ of this ap- 
paratus into the bobbin g (magnetizing coil), inclosing the iron or 


steel wire 7d, of the thickness of a knitting needle into the binding 
screw 4, and finally thence by wire back to the second-pole of the 
battery s. If, now, we produce sufficiently stro: 


ig tones by means 
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of organ pipes in front of the opening of the tube T (or sing them 
through the tube T in the hollow box /), the waves of the sound set 
the membrane m into regular vibrations. Every condensation oc- 
curring beneath m at once raises the disk of platinum o, together 
with the platinum point 4 (the foot of the angle @ 4 c) when the 
rarefaction occurs and mm moves dowuward again, the angle @ 4 ¢ 
cannot immediately follow the disc 0, and the current is interrupted, 
and a similar interruption occurs with every vibration of m, and in 
this way are produced just as many vibrations in the wire ¢/, d@ of the 
coil g, at station II as the membrane makes; these vibrations are 
perceived there as tones and combination of tones (accords). 
These tones are much strengthened by covering the coils with a box 
of resonant wood ¢ for a sounding board, so placed as to fit the 
sounding board 4 below. The keys X and X make it possible to 
communicate short messages as necessity arises, between station I 
and II (#. G., to signify from II to I that they are ready to receive 
communications at II). For by pressing down the keys the electro- 
magnet é is included in the circuit, the armature @ drawn up and 
made to strike upon e. 

The telephone is yet in its infancy, it is true, but even now, by 
employing powerful currents it transmits at a distance not only sol- 
itary tones, but even tunes consisting of slow consecutive tones 


quite perceptibly and distinctly. 
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(No. 5). Defendants’ Exhibit, Reis Lecture. 


.) AHRES- BERICHT DES PHYSIKALISCHEN VEREINS ZU FRANKFURT AM MAIN; 
FUR DAS RECHNUNGS JAHR, 1860-61. 


Yearly Report of the Physical Society at Krankfort-a-ML., 1860-61 ; 
pp. 57-64 (published in 1862). 


J. A. W., Sp. Ex’r. 
(Introduced, Record, page 5.] 


“On Telephony by Means of the Galvanic Current, by Philipp Feiss.” 

The extraordinary results in the field of telegraphy have pro- 
bably often raised the question, if it might not be possible to trans- 
mit musical tones themselves (Tonsprache) to a distance? Experi- 
ments made in this direction could not, however, produce any 
result at all satisfactory, because the vibrations of conducting media 
soon loose their intensity to such an extent that they are no longer 
appreciable by our senses. 

A reproduction of tones (Tonen) at certain distances by means 
of a galvanic current has probably been thought of, but the practi- 
cal solution of this problem has certainly seemed the most doubtful 
to the very persons who, from their knowledge and appliances, were 
in the best condition to attack it. To a person having only a super- 
ficial knowledge of physics the problem presents far less difficulties, 
simple because the most of them are unperceived. About nine 
years ago I also (having an extraordinary enthusiasm for what was 
new and an insufficient knowledge of physics) had the boldness to 
attempt the solution, but was soon forced to desist because the 
very first experiment convinced me of the impossibility of its 
solution. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclusive 
one ; I did not, however, follow up the subject seriously, because I 
did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that first ex- 
periment and its occasion, notwithstanding all that reason says to 
the contrary, and thus, half unwillingly, this project of my youth 
was reviewed in hours of leisure ; the difficulties and the means for 
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overcoming them were weighed; but for the present, at least, no 
experiment was made. 

How indeed could a single instrument reproduce the combined 
effect of all the organs occupied in human speech? This was always 
the cardinal question ; finally I got the notion of putting the ques- 
tion in another way— 

How is our ear affected by the totality of vibrations produced by 
the organs of speech, all simultaneously active ? Or more generally 

How are we affected by the vibrations of several simultaneously 
sounding bodies ? 

To answer this question, we must, in ‘he first place, understand 
what must happen in order that we may perceive a single tone. 

Without our ear, any tone is nothing else than a recurrent con- 
densation and rarefaction of some body repeated at least seven or 
eight times ina second. If this occurs in the same medium in 
which we are, the membrane of the ear is at each condensation 
forced towards the middle ear, to be moved at the subsequent rare- 
faction in the opposite direction. These vibrations produce a 
synchronous raising and falling of the hammer.upon the anvil 
(according to other authorities, an approach or receding of the eai 
bone particles), and a similar number of tremors in the fluid of the 
cochlea, in which the filaments of the auditory nerve are distributed. 
The greater the condensation of the conducting medium at any 
given moment, the greater is the amplitude of vibration of the mem- 
brane and hammer, and consequently the more powerful the blow 
upon the anvil and the vibration of the nerves by means of the 
fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefac- 
tion occurring in the surrounding medium. But the office of the 
auditory nerve is to bring to our consciousness the vibrations of matter 
which have occurred in a given time, both as regards number and 
amplitude. Here, for the first time, certain combinations receive a 
hale ; here, certain vibrations are tones or NOES ( Tine oder 
Misstone). 

What our auditory nerve perceives is, then, simply the effect of 
a force coming within the range of consciousness, and this force can 


be represented both as to duration and magnitude graphically by a_ 


curve, 
Let a } represent any given time, and the curve above the line 
condensation (+), the curve below the line rarefaction ), then 
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any ordinate raised from the end of any abcissa will represent the 
degree of condensation, at the time represented by its base, in 
consequence of which the drum of the ear vibrates. 


Our ear can under no circumstances appreciate more than can 
be represented by these curves, and this, indeed, is entirely sufficient 
to give us a clear perception of any tone (70x) or any combination 
of tones. 

If several tones (7Zonen) are produced at the same time, the con- | 
ducting medium is subjected to the influence of several simul- 
taneous forces, and the two following laws will hold good. If the 


forces act in the same direction, the amplitude is proportional to 

the sum of the forces; if the forces act in opposite directions, the 

amplitudes are proportional to the difference of the opposing | 

forces. | 

If, for example, in the case of three tones, we draw the curve of 

condensation of each separately,then by asummation of the ordinates 
ee of corresponding abscissas, we can determine new ordinates and sn 


develop a new curve, which might be called the combination curve. 
This represents exactly what our ear perceives of the three simul- 
taneous tones. The fact that the musician can distinguish the 
three tones need not surprise us any more than the fact that any one 
acquainted with the theory of colors can in green discover blue and 
yellow ; but the combination curves in Plate I. show that this diffi- 
culty is a slight one, for in these curves all the relations of the 
components successively recur. In the case of chords, of more \ 
than three notes the relations are not so readily seen from the 
drawing, Plate II., for example. In the case of such chords, how- 
ever, the skilled musician also finds difficulty in recognizing the 


separate notes. 

Plate III. illustrates discord (Dissonanz). Why discords impress 
us unpleasantly I will leave my readers to judge at this time, 
though I may, perhaps, return to the subject subsequently in an- 


other paper. 
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° ° 4 L { 
From the preceding it follows : 
First. Every tone (Zon) and every combination of tones, on 
striking our ear, causes vibrations of the drum of the ear, the suc- 


cession of which may be represented by a curve. 
Second. The succession of these vibrations alone gives us a con- 
ception (Sensation) of the tone, and every alteration changes the 


conception (Sensation). 

As soon then as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
given tone or combination of tones, we shall receive the same 
impression as that tone or combination of tones would have pro- 
duced on us. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce 
the tones of various instruments, and even to a certain extent the 
human voice. It is very simple and by means of the figure will be 
easily understood from the following explanation : 
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In the cubical block of wood 7 s ¢ uv w & there 1s a conical per- 
foration a, closed at one end by a membrane 4 (pig’s intestine), 
upon the middle of which there is cemented a conducting strip of 


platinum ; this is connected with the binding serew (Awf deren 
Mitte ein stromleitendes Streichen Platin festgelittet ist. Dieses steht 
mit der Kleume p in Verbindung.) From the binding serew n, 
another thin strip of metal (etn dunnes Metallstreischen) extends 
until over the middle of the membrane, and ends here in a 


platinum wire placed at right angles to its length and surface. 
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From the binding screw p a conducting wire runs through the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw x. 

The coil at the distant station is about six inches long, is com- 
posed of six layers of fine wire, and, as a core in its centre, has a 
knitting needle which projects about two inches at both ends. By 
means of the projecting ends the coil rests upon two bridges of a 
resonant case. (All this part can of course be replaced by any other 
galvanic tones” can 
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apparatus by means of which the well-known 
be produced. ) : 

If now tones or combinations of tones are produced in the neigh- 
borhood of the block, so that sufficiently powerful waves enter the 
opening «, then these sounds cause the membrane ¢/ to vibrate. At 
the first condensation the hammer-like wire ¢ is pushed back ; at 
the rarefaction it cannot follow the retreating membrane, and the 
current traversing the strip remains broken (Strom bleibt so lange 
unterbrochen bis, ete.), until the membrane forced by anew conden- 
sation again presses the strip (proceeding from p) against (/. In this 
way each sound wave causes a breaking and closing (ein Oeffnen und 
ein Schliessen) of the current (Stromes). 

At each closing (Schhessen) of the circuit (kette) the atoms of 
the iron wire inside the distant spiral are moved away from each 
other (Pouillet Muller, page 304, Vol. IT., 5th edition) ; on breaking 
the cireuit (beim unterbrechen des Stromes) these atoms seek to 
regain their position of equilibrium. When this happens, in conse- 
quence of the reciprocal actions of elasticity and inertia, a number 
of vibrations are produced, and they give the longitudinal sound of 
the rod (see as above). This is the case if the making and breaking 
of the current (Unterbrechungen und Schhessungen des Stromes) oc- 
cur with comparative slowness. If they occur more rapidly then 
the oscillations of the iron core, due to its elasticity, the atoms can- 
not complete their course. The paths described become shorter 
in proportion as the interruptions are more frequent, but then are 
just as numerous as these. 

The iron wire no longer gives its longitudinal (normal) tone, but 
a tone whose pitch corresponds to the number of interruptions (Un- 
terbrechungen) (in a given time): This is the same as saying that 
the rod reproduces the tone (Ton) impressed upon the interrupter (dem 
Unterbrechunges apparat). The intensity also of this tone is pro- 
portional to that of the original one, for in proportion as this is 
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more intense the motions of the membrane are greater; the motions # 


of the hammer, also, and finally the time during which the circuit 
remains opened is greater, and, consequently, up to a certain limit 
the motions of the atoms in the reproducing wire are greater, we 
perceiving them as greater vibrations in just the same way as we 
would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my instrument “ tele- 
phone.” 

Now, in reference to the capabilities of the telephone, it may be 
stated that Iwas enabled to render audible to the members of a large, 
assembly (The Physical Society at Frankfort-a-M.) melodies which 
were sung not very loud into the apparatus in another house three 
hundred feet away with closed doors. 

Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three tones of the piano, upon 
which the telephone was placed, and that it reproduces equally well 
the tones of other instruments, accordeon, clarinet, horn, organ 
pipes, &e., provided that the tones are within the compass F—f. 

Of course, in all experiments, sufficient precautions were taken 
to insure that there was no direct conduction of sound. This is very 
easily done by making a momentary short circuit immediately in 
front of the coul, by which means its action is- temporarily inter- 
rupted. 

Hitherto it has not been possible to reproduce the tones of hu- 
man speech (Tonsprache des Menschen) with a distinctness suffi- 
cient for every one. The consonants are for the most part repro- 
duced pretty distinctly, but the vowels, as yet, not in an equal de- 
gree. The cause of this I will attempt to explain. 

Ascording to the experiments of Willis, Helmholtz and others, 
vowel tones can be produced artificially if the vibrations of one body 
are from time to time augmented by those of another somewhat as 
follows : | 

An elastic spring is set in vibration by the blow of a tooth on a 
toothed wheel; the first vibration is the greatest, and each subse- 
quent one is smaller than the preceding. 
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\ any ordinate raised from the end of any abcissa will represent the 
| degree of condensation, at the time represented by its base, in 
/ consequence of which the drum of the ear vibrates. 


\ 
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Our ear can under no circumstances appreciate more than can 
be represented by these curves, and this, indeed, is entirely sufficient 
to give us a clear perception of any tone (70x) or any combination 
ot tones. 

If several tones ( 7onen) are produced at the same time, the con- 
ducting medium is subjected to the influence of several simul- 
taneous forces, and the two following laws will hold good. If the 
forces act in the same direction, the amplitude is proportional to 
the sum of the forces; if the forces act in opposite directions, the 
amplitudes are proportional to the difference of the opposing 
forces. 

If, for example, in the case of three tones, we draw the curve of 
condensation of each separately,then by asummation of the ordinates 
of corresponding abscissas, we can determine new ordinates and 
develop a new curve, which might be called the combination curve. 
This represents exactly what our ear perceives of the three simul- 
taneous tones. The fact that the musician can distinguish the 
three tones need not surprise us any more than the fact that any one 
acquainted with the theory of colors can in green discover blue and 
vellow ; but the combination curves in Plate I. show that this diffi- 
culty is a slight one, for in these curves all the relations of the 
components successively recur. In the case of chords, of more 
than three notes the relations are not so readily seen from the 
drawing, Plate I1., for example. In the case of such chords, how- 
ever, the skilled musician also finds difficulty in recognizing the 
separate notes. 

Plate III. illustrates discord (Dissonanz). Why discords impress 
us unpleasantly I will leave my readers to Judge at this time, 
though I may, perhaps, return to the subject subsequently in an- 


other paper. 
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From the preceding it follows : 

First. Every tone (7on) and every combination of tones, on 
striking our ear, causes vibrations of the drum of the ear, the suc- 
cession of which may be represented by a curve. 

Second. The succession of these vibrations alone gives us a con- 
ception (Sensation) of the tone, and every alteration changes the 
conception (Sensation). | 

As soon then as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
given tone or combination of tones, we shall receive the same 
impression as that tone or combination of tones would have pro- 
duced on us. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce 
the tones of various instruments, and even to a certain extent the 
human voice. It is very simple and by means of the figure will be 
easily understood from the following explanation : 
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In the cubical block of wood 7 s ¢ uv w & there is a conical per- 
foration a, closed at one end by a membrane * (pig’s intestine), 
upon the middle of which there is cemented a conducting strip of 
platinum ; this is connected with the binding serew (Auf deren 
Mitte en stromleitendes Streichen Platin festgelittet isi. Dieses steht 
mit der Kleume p in Verbindung.) From the binding serew 2, 
another thin strip of metal (en dunnes Metallstreischen) extends 
until over the middle of the membrane, and ends here in a 
platinum wire placed at right angles to its length and surface. 
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From the binding screw p a conducting wire runs through the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw x. 

The coil at the distant station is about six inches long, is com- 
posed of six layers of fine wire, and, as a core in its centre, has a 
knitting needle which projects about two inches at both ends. By 
means of the projecting ends the coil rests upon two bridges of a 
resonant case. (All this part can of course be replaced by any other 
apparatus by means of which the well-known “ galvanic tones” can 
be produced.) 

[If now tones or combinations of tones are produced in the neigh- 
borhood of the block, so that sufficiently powerful waves enter the 
opening «, then these sounds cause the membrane ¢ to vibrate. At 
the first condensation the hammer-like wire 7 is pushed back ; at 
the rarefaction it cannot follow the retreating membrane, and the 
current traversing the strip remains broken (Strom bleibt so lange 
unterbrochen bis, ete.), until the membrane forced by anew conden- 
sation again presses the strip (proceeding from p) against 7. In this 
way each sound wave causes a breaking and closing (ein Oeffnen und 
ein Schliessen) of the current (Stromes). 

At each closing (Schliessen) of the cireuit (kette) the atoms of 
the iron wire inside the distant spiral are moved away from each 


other (Pouillet Muller, page 304, Vol. II., 5th edition) ; on breaking. 


the circuit (beim unterbrechen des Stromes) these atoms seek to 
regain their position of equilibrium. When this happens, in conse- 
quence of the reciprocal actions of elasticity and inertia, a number 
of vibrations are produced, and they give the longitudinal sound of 
the rod (see as above). This is the case if the making and breaking 
of the current (Unterbrechungen und Schliessungen des Stromes) oc- 
cur with comparative slowness. If they occur more rapidly then 
the oscillations of the iron core, due to its elasticity, the atoms can- 
not complete their course. The paths described become shorter 
in proportion as the interruptions are more frequent, but then are 
just as numerous as these. 

The iron wire no longer gives its longitudinal (normal) tone, but 
a tone whose pitch corresponds to the number of interruptions (Un- 
terbrechungen) (in a given time): This is the same as saying that 
the rod reproduces the tone (Ton) impressed upon the interrupter (dem 
Unterbrechunges apparat). The intensity also of this tone is pro- 
portional to that of the original one, for in proportion as this is 
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more intense the motions of the membrane are greater ; the motions #&* 
of the hammer, also, and finally the time during which the circuit 
remains opened is greater, and, consequently, up to a certain limit 
the motions of the atoms in the reproducing wire are greater, we 
perceiving them as greater vibrations in just the same way as we 
would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my tistrument “ tele- 
phone.” 

Now, in reference to the capabilities of the telephone, it may be 
stated that [was enabled to render audible to the members of a large, 
assembly (The Physical Society at Frankfort-a-M.) melodies which 
were sung not very loud into the apparatus in another house three 
hundred feet away with closed doors. 

Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three tones of the piano, upon 
which the telephone was placed, and that it reproduces equally well 
the tones of other instruments, accordeon, clarinet, horn, organ 
pipes, &e., provided that the tones are within the compass F—f. 

Of course, in all experiments, sufficient precautions were taken 
to insure that there was no direct conduction of sound. This is very 
easily done by making a momentary short circuit immediately in 
front of the coil, by which means its action is temporarily inter- 
rupted. | 

Hitherto it has not been possible to reproduce the tones of hu- 
man speech (Tonsprache des Menschen) with a distinctness sufhi- 
cient for every one. The consonants are for the most part repro- 
duced pretty distinctly, but the vowels, as yet, not in an equal de- 
gree. The cause of this [ will attempt to explain. 

Ascording to the experiments of Willis, Helmholtz and others, 
vowel tones can be produced artificially if the vibrations of one body 
are from time to time augmented by those of another somewhat as 
follows : 

An elastic spring is set in vibration by the blow of a tooth on a 
toothed wheel; the first vibration is the greatest, and each subse- 
‘quent one is smaller than the preceding. 
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If, after a few vibrations of this kind (the spring not coming to 
rest in the meantime), the tooth-wheel imparts a new stroke, the 
following vibration will be again a maxium, and so on. 

The pitch of the tone produced in this way depends upon the 
number of vibrations in a given time, but the character of the tone 
upon the number of swellings (Anschwellungen) in the same time. 
Two vowels having the same pitch would differ in about the way 
represented by the curve (Figs. 1, 2), while the same tone without 
any vowel character would be represented by the curve (Fig. 3). 


Our organs of speech probably produce the vowels in the same 
manner, through the combined action of the upper and lower vocal 
chords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the original ones, though, as I have 
reason to believe, to a certain degree proportional among themselves. 

gut in the case of these generally small vibrations the difference be- 
tween large and smail vibrations is more difficult to perceive than in 
the case of the original waves, and the vowels, therefore, more or 
less indistinct. 

Whether or not my views as to the curves corresponding to 
sound combinations are correct could, perhaps, be decided by means 
of the new phonautograph of Duhamel (“ Bierordt Physiology,” 
page 254). 

It may be that for the practical application of the telephone 
much remains to be done. For physics it has already sufficient 
interest, from the fact that it opens a new field for research, F?ied- 
richsdorf, ear rank fort-a-M., December, 1861. 
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(No. 6.) Defendants’ Exhibit, ‘‘ Reis-Legat Article.” 


Extract from “ Journal of the German-Austrian Telegraph As- 
sociation, V. 9, p> i 1862. 


J. A. W., Sp. Ex’r. 
(Introduced, Record, page 5.] 


Concerning the reproduction of sounds by means of Galvanic Flec- 
tricity : by V. Leqgut, Royal Prussian Telegraph Inspector at 
Cassel, accompanied by Copper Plates VIL1. and LX. 


It might not be uninteresting to make known, in wider circles, 
the following ideas lately communicated by Mr. Philip Reis to the 
Society of Physics and to the meetings of the Free German Institute, 
at Frankfort-on-the-Main, concerning the reproduction of tones 
(Tonen) by means of galvanic electricity, and, also, what has been 
hitherto accomplished towards the realization of this project, in order 
that the accumulated experiments may serve as a foundation to 
build upon, and that the capacity of the electric current, which, by 
human ingenuity, has already been made serviceable for correspond- 
ence, may be developed in this direction also. 

In this essay we shall not deal with the electric current as to its 
capacity for operating telegraphic apparatus of whatever construc- 
tion for the reproduction of visih/e signs, but of the application of this 
current to the production of audible signals—of tones (Tonen). 

The air waves, which by acting upon the ear excite in us the 
sensation of sound by primarily setting the tympanum of the ear 
into vibratory motion, are, as is well known, transmitted to the in- 
terior parts of the ear, and to the auditory nerves there located, by 
means of a lever apparatus of wonderful delicacy, the auditory bones 
(hammer, anvil, stirrup), and the attempt to reproduce. tones there- 
for depends upon this to actuate an artificial imitation of this lever 
apparatus by means of the vibrations of a membrane corresponding 
to the membrane of the ear-drum, and thereby to open and close 
(zum Oeffnen u. Schhessen) a galvanic circuit connected with a 
distant station by a metallic conductor. 

Before describing the apparatus to be used it would be proper 
to enquire how our ear apprehends the vibrations of any one par- 
ticular tone, and the combined vibrations of all simultaneous tones 
acting upon it, because thereby we may determine the operations 
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| pA which are to be performed by the transmitting and receiving appara- 
tus in the solution of the problem. 


Examining first the processes which take place in order that the 
human ear may apprehend any single tone, we find that each tone is 
the result of alternate rarefactions and condensations repeated 
within a fixed time. If this operation occurs in the same medium in 
which the ear is placed, then at each condensation the membrane 1s 
forced toward the cavity of the drum and toward the opposite side 
at each rarefaction. 

These vibrations cause corresponding movements in the auditory 
bones, and are thereby transmitted to the auditory nerves. 

The greater the Jegree of condensation of the sound conductng- 
medium is at a given time, the greater will be the amplitude of 
vibration of the membrane and auditory bones, and the greater the 
consequent result ; and in the opposite case, so much the weaker. 
Hence, it is evidently the function of the auditory apparatus to im- 
part with faithfulness to the auditory nerves every condensation and 
rarefaction which occurs in the surrounding medium. On the other 
hand, the function of transmitting to our consciousness, both the 
number and amplitude of the resulting vibrations occurring within 
a given time devolves upon the auditory nerves. 

It is here, in our consciousness, that a certein complex phenome- 
non receives a specific name. It is here, in our consciousness, that 
the transmitted vibrations become tones (Tonen). 

Accordingly, that which is apprehended by the auditory nerves, 
is the effect of a force, reaching to our consciousness, and which 
can be made more easy of comprehension, as to its duration and 
strength, by graphical delineation. 

For example, let the length of the line a —b represent a definite 
period of time, the curves above this line the condensations (+), 
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and the curves below this line the rarefactions (—), then every or- 
dinate erected at the end of any abscissa will indicate at the moment 
of time indicated by this abscissa the degree of condensation in con- 
sequence of which the membrane of the drum vibrates. 

The ear is not capable of perceiving more than can be represent- 
ed in this way, or more than can be represented by similar curves ; 
this is, however, sufficient to convey to our consciousness any single 
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tone (Ton) or any required combinations of tones. For, if several 
tones are generated simultaneously, then the tone-imparting medium 
is influenced by several forces, acting at the same time, and subject 
to mechanical laws. 

If all the forces act in the same direction, then the amount of mo- 
tion is in proportion to the sum of all the forces; if, on the other 
hand, the forces act in opposing directions, then the amount of 
motion is in proportion to the difference between the opposing 
forces. 

From these principles, it follows that the curves representing the 
condensations of a number of simultaneously generated tones may 
be combined in a single curve of condensation, which will indicate 
with precision what our ear apprehends through the reception of 
these simultaneously acting tones. 

The objection generally made to this proposition, that a musi- 
clan, or any person, is able to distinguish the simple tones out of 
which these composite curves are formed or arise, should not be al- 
lowed to militate against it; as it is also possible for some who are 
familiar with the study of colors to distinguish in green, for exam- 
ple, the mixture of yellow and blue, in their varied shades ; and the 
one phenomenon, as well as the other, is referable to the fact that 
ach Observer is very familiar with the factors of that product which 
has been conveyed to his consciousness. * 

By the explanations heretofore given, it 1s easy to construct the 
curves representing the condensations of various tones, chords, ete., 
and a few examples are given by way of illustration : 

Fig. 1, Plate VIII, represents a composite curve, formed of three 
tones, in which all the proportions of the components recur suc- 
cessively. 

Fig. 2 represents a similar curve, formed of more than three 
tones ; in this case, however, it is no longer possible to represent the 
proportions so clearly in the drawing, yet an experienced musician 
will be able to discern them even here, although in practice it 
might be difficult for him to recognize the separate tones in such a 
chord. 

The advantage of representing the operation of tones upon the 
human ear after this manner, is that it gives the clearest view pos- 
sible of the course of the process; the representation here given 
also shows why a discord (dissonanz), Fig. 3, must affect the ear 


disagreeably. 
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This apparent digression from the subject under consideration 
was necessary to demonstrate that as soon as we are able, in any 
place and in any manner, to reproduce vibrations of such curves 
and intensities as are equivalent to the curves and intensities of the 
vibrations of any particular tone, or of any particular combination 
of tones, we shall have the same impressions as were produced upon 
us by this original tone, or these original combinations of tones. 

The apparatus deseribed hereafter offers the possibility of 
producing these vibretions in every manner desired ; and by the use 
of galvanic electricity it 1s possible to evoke, at any distance, vibra- 
tions like (gleiche) those which have been so produced and in 
this way to reproduce in any place the tones which have been 
generated at another place. 

In Plate IX, Fig. 4, A is the tone transmitter (Tonangeber), and 
B the tone receiver (lonempfanger), and these two instruments 
are set up at different stations. I must observe at the outset that 
the arrangement of the instruments for sending backwards and for- 
wards is omitted for greater clearness; and, likewise, as the whole 
thing is not presented as a completed fact, but only to call to the 
notice of a wider circle what has been already ascertained, the pos- 
sibility of the working of the apparatus at a distance creater than 
the limited direct working allows at present is left out of considera- 
tion, since these points are easily accomplished by mechanical ar- 
rangements, and since the most important facts of the phenomena 
treated are not influenced thereby. 

Let us now turn to the tone transmitter, Fig. 4 A. This on the 
one hand is connected by the metallic conductor with the tone 
reciver, Fig. 4 B, at a neighboring station; on the other hand it 1s 
connected by means of the electric battery C with the earth, or with 
the metallic return conductor. The tone transmitter, Fig. 4 A, con- 
sists of a conical tube a 4, about 15 centimetres in length, having a 
front opening of about 10 centimetres, and a rear opening of about 
4 centimetres. | 

It appears by practical experiments that neither the material of 
this tube, nor any increase in its length, influenced the accuracy of 
the action oi the apparatus. An enlargement of the diameter of the 
tube impairs the working of the apparatus, and it is desirable that 
the inner surface of the tube be as smooth as possible. The smaller 
or rear end of the tube is closed by a collodion membrane 0, and 
upon the center of the circular surface of this membrane rests one 
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end ¢ of the lever ¢ d, the supporting point e of which is sustainedft 
by a bracket, and is kept in electrical connection with the metallic 
conductor. The proper lengths of the respective arms ce anded 
of .his lever are regulated by the laws of the lever. It is advisable, 
to make the arm ¢ e longer than the arm e ¢/, in order that the least 
motion at ¢ may operate with greatest effect at 7. It is also desira- 
ble that the lever itself be made as light as possible, that it may fol- 
low the movements of the membrane. Any inaccuracy in the opera- 
tion of the lever ¢ d in this respect will produce false tones at the 
receiving station. When in a state of rest the contact at d 7 is 
closed, and a delicate spring 7 maintains the lever in this position, 

The second part of the apparatus, the standard fF, consists of a 
metallic support, connected with one pole of the battery C, the other 
pole of which is connected. to the earth, or to a metallic return wire 
leading to the other station. 

Upon the standard 7 is arranged a spring g, with a contact 
point corresponding to the contact point ¢ of the lever ¢ 7; the posi- 
tion of 7 is regulated by the screw /. 

In order not to impair the operation of the apparatus by the 
action of the air waves against the rear side of the membrane, it is 
desirable to place a disc of about 50 centimetres in diamater at 
right angles to the longitudinal axis of the tube a4; this disk may 
be attached to the tube by a fastening surrounding its outer circum- 
ference. 

The tone receiver, Fig. 4 B, consists of an electro-magnet mm m, 
which rests upon a sounding board x w. Its coil is connected 
respectively with the metallic conductor and the earth or the metallic 
return conductor. 

Facing the electro-magnet 7 # 1s an armature, to which is 
attached a very long but light and broad lever 2. 

The lever ¢ with the armature is suspended from the standard & 
in the manner of a pendulum, its motion being regulated by means 
of the screw / and the spring 4g. 

In order to increase the capacity of the apparatus, the tone re- 
ceiver may be placed at one of the focal poimts of an elliptical cham- 
ber of suitable size, and the listener may place his ear at the other 
focus of this chamber. 

The operation of the apparatus described is as follows : 

When at rest the galvanic circuit (kette) is closed, when the air, 
which is in the tube a4 of the apparatus, Fig. 4 A, is alternately 
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“Condensed and rarified by speaking into it (or by singing or intro- 
ducing the tones of an instrument), a movement of a membrane clos- 
ing the smaller opening of the tube is produced, corresponding to 
such condensation or rarefaction. The lever ¢ d follows the move 
ments of the membrane, and opens and closes (oftnet und schliesst) 
the galvanic circuit (kette) at dg, so that at each condensation of’ 
the air in the tube the cireuit is opened, and at each rarefaction the 
circuit is closed (ein oeffmen und ein Schhiessen erfolgt). 

In consequence of this operation, the electro-magnet of the ap- 
paratus, Fig. 4 B, in accordance with the condensations and rare- 
factions of the column of air in the tube a 4, Fig. 4 B, is correspond- 
ingly demagnetized and magnetized (demagnetisirt und magnetisirt), 
and the armature of the magnet 1s set into vibrations like those of 
the membrane in the transmitting apparatus. But the beam (Balken) 
/ attached to the armature communicates these corresponding vibra- 
tions of the armature to the air surrounding the apparatus Fig. 4 B, 
which finally transmits the vibrations so produced to the ear of the 
listener. 

We have not here to consider the question of the transmission 
(Fortpflanziing) of tones by means of the galvanic current, but only 
of the conveyance (Uebertragting) of generated sounds to another 
place, and in this way that at the latter place a similar cause is pro- 
duced and a similar effect obtained. It must not be ignored, how- 
ever, that while the apparatus described reproduces the exact nun- 
ber of the original vibrations, but not of the same strength (die 
cleiche stirke der reproducirten schningtngen noch nicht errecht 
nurde), and that the achievement of this result is reserved for an 
improvement of the apparatus. 

In consequence of the imperfection of the apparatus at this time, 
the minor differences of the original vibrations are distinguishable 
with more difficulty—that is, the vowel sounds appear more or less 
indistinct—inasmuch as each tone depends not merely upon the 
number of the vibrations of the medium, but also upon its conden- 
sation and rarefaction. 

This also explains why chords and melodies were transmitted 
with marvelious accuracy in the practical experiments hitherto made, 
while single words in reading, speaking, etc., were less distinctly 
recognizable, although even in these the inflections of the voice, as 
interrogation, exclamation, surprise, calling, etc., were clearly repro- 
dueed., 
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There is no doubt that the subject we have been considering ‘ 4 w— 
| : subjec » hi sidering; 

fore it becomes practically valuable for use, will require gE 
improvement. [t will especially be necessary to perfect the mechan- 

ism of the apparatus to be employed. But I am convinced, by 
repeated practical experiments, that it is of the greatest theoretic 
interest to pursue these investigations, and also that a development 

of practical value will not elude our intelligent century. 
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elassed with the most beautiful and interesting of school expeti-y-# 
ments ; and as the Reis means for producing it are simple, the ap- 


paratus of Reis will surely soon find its way even into moderately 
endowed institutions, that the sounding ot the wire in the telephone 
is not due to acoustic transmission can be shown by cutting the col 
out of the eircuit: the sounding ceases at once. 

lv made of a wooden cube 


‘ |. Reis’s Phon-nautograph was origina! 


t 
with a conical cavitv. The smaller opening was covered with the 
membrane. A knitting needle was used as the sounding wire, 
which projected tbout two inches out of ench side of the muiltiply- 
ing coil, and rested upon two bridges of a resonance box. The sur- 
rounding (page 96) cou consisted of six layers otf fine wire. Fig, 60 
shows the telephone as it 1s ut present manutactured, according Ce 
the inventor's directions, by artisan Albert, in Franktort, and arti- 
san Uanek (Hauck), in Vienna. 

2. Even though the telephone cannot be used to reproduce con- 
certs, this can be accomplished for moderate distances by the re- 
sonance of solid bodies, in narrow limits to be sure. Pepper, di- 
reetor ot the Polytechnic Institute, formed at London amusing 


ScleENnces. vave such a coneert LS5 With Wheatstone 's method. 
Four of Erard’s harps stood upon the stage; each had on its . 
- resonance board a short staff of pme two em. thick. 
By turning the harps on their axes, this staff was made to touch 


an exactly similar one, which went into a deep cellar, and there was 
in contact respectively with the sounding board of the plano, of a 
violineello, of a violin, and the mouthpiece of a clarimet. 

As long fis the reSOnUHUNCe statts touched. the CONnCeCTE Wis heard 


a + ? 


distinctly : but as soon as one or all the barns came out of e 
with the sound-conducting statt the musie ceased. The character of 
the instruments plaved was, as a whole, preserved, only the violin- 


cello tones being somewhat raspy. 


- a . . ’ ad ’ . 
»?, {7 aos i ’ sf $4, f ’ ) 
--S i fy To¢ hii 17'°S la (Jil7’ f/ ‘(J sae Le PliLOrne. 
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a 1) It consists substantially of 
lL. The transmitter <A. 
2. The receiver C. 
3. The battery B, and finally of, 
t. The conducting wires. 
(b) The transmitter A is essentially a parallel-epipedic body of 
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wood. Its upper part wu x is cut out of one piece of square section, 
the side z x measuring 9 cm., its height « x 2.8 em. 

This part can be moved on the lower box A A by means of 
hinges. If we turn back the cover 2 uw we shall notice a small circle 
cut out in it 3.9¢em. in diameter. A brass ring, with a margin 8 mm. 
broad, fits into this hole, which is furnished with a groove like a 
pulley. 

Over the ring the membrane m mis stretched by a silk thread lying 
in the groove of the same. This circular membrane is surrounded by 
a wider circular hollow 6 6,8.5 em. A shovel-shaped strip of 
platinum 7 s is placed in connection with the brass binding post d, 
and rests by its circular piece s on the centre of the membrane. 

By means of sealing-wax this circular part is fastened to the 
membrane, and is thereby compelled to accompany the membrane 
in its vibration. The farther transmission of the galvanic current 
from the centre of the membrane takes place by means of the brass 
angle as 6 (D, Fig. 60). This rests at s, by means of a platinum or 
steel point, upon the conducting platinum strip 7 s, and dips at 4 
with a platinum or steel point in a mercury cup, which is made in a 
screw transmitting the current. The point @ serves only as a base or 
support for the angular piece a s 6, which in general is supported 
like a tripod, in order that the contact point s should remain as con- 
stant as possible. The angle a s 4 is simply pushed over a project- 
ing pin by a hole at a, uutil it remains resting on a broader lower 
part. From 4, the electrical conductor with a covered wire extends 
to the brass key e (A, Fig. 60), and from there further in the direc- 
tion indicated by the arrow. 

The under part A A of the transmitter is constructed of wooden 
boards and form a parallel-epipedon whose height—6.8 cm., and 
whose breadth—/.7 cm. For the reception of tones there is the 
slanting attachment S made of tin with a funnel-shaped enlarge- 
ment. 

The longer side of this enlargement is 6.7 cm., the shorter 4.7 
em., the vertical diameter of the enlargement measures 7.15 em., the 
horizontal diameter 7.5 cm., and finally the diameter of the narrower 
cylinder 3.9 cm. 

It is plain, that if necessary, the platinum strip can be replaced 
by a thin strip of brass, and the platinum or steel points by iron 
ones. Only then the contact points must oftener be cleaned to a 
metal polish. 

(c) The receiver is in general a double resonance box, whose 
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upper part, “the cover,” is movable on two hinges and can be ai 
back. The length of this cover is 16.4 em., its width 9.5 em., anc 
its height 3.2 cm. The length of the under box measures 22.9 cm., 
its width, 9.6 cm., and its height (98) 2.5 cm. The under part of 
the resonance box has two wooden bridges, which are separated 
from each other 7.4 cm., and serve as supports for the iron needle, 
which is 21.5 em. long, and 0.9 mm. thick, and intended to produce 
the tones. The length of the spiral placed over the needle and de- 
signed for producing the electro-magnetism is 15.em. The wooden 
covers of both parts must be constructed as thin as possible, and 
the greatest breadth of the circular holes seen in the figure measures 
15 mm. , 

(7) One can successfully use as battery a small four-cell Smee’s 
or two larger Bunsen’s cells. The conducting line must be made at 
least so long that the exciting tones can no longer be heard through 
the wire. For corresponding between the two stations, the inventor 
has arranged the electro-magnetic telegraph apparatus e vq /, easily 
seen and understood from the figure. Agreement can be easily had 
as to the corresponding signals, and it is simplest to accept the 
signs given by the inventor. (26.) 

The receiver C gives, on tapping with the key ¢, the correspond- 
ing signals by the rod e e giving out tones, while at the transmitter 
A the electro-magnet v announces the signals by means of the spring 
armature 2. 

53. Experiments with the telephone. 

(2) As soon as one brings his mouth to the funnel S, and sings, 
the membrane of the transmitter A falls into corresponding vibra- 
tions, and the little iron rod e e at the second station begins to giv: 
out tones. Every time that a spark is visible at the first station, at 
s, the rod certainly sounds at the other station. The same is true 
when the peculiar buzzing tone is perceived, which arises from the 
striking of the vibrating platinum strip upon the point of the 
angular hook resting thereupon. ‘The appearance of these sparks, 
rv of the peculiar buzzing at the transmitter A, announces to the 
observers at the station A that the rod at C is giving forth tones. 
Tones and melodies, which were sung into the sound opening S, and 
especially clangs in which the teeth and head bones also vibrat 
(the so-called humming tones), always produce a toning of the rod 
or needle E E, and indeed, as already mentioned (S 51), without 
change of pitch, only with the reproduction of the rhythm of the re- 
spective song or words. 


The pitch ofthe tone excited at C in the rod ~ 
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was. in the ap- 


paratus at my disposal, h’: its strength not very remarkable and its 
jiahty (Klang) buzzing like that of the tone of a weak-sounding 


(something like a cluild’s trumpet). The skin lying about 


} ricardium of the smaller and even the larger mammals (calves, 


eT makes the best membrane, vold-beater’s skin 1 produces only 
lower bones. 
The Cover O} the resonant box seemed supertinous in my appar- 
tus, and the tone was indeed somewhat stronger without the cover. 
|. In experiments with the telephone, close attention must be 
to seeing if the end s of the platinum strip still sticks to the 
Corer und, if hecessary, it must be pressed upon th .membrane. 
When this leaf will no longer cling, a knite blade is heated, a piece 
sealing-wax touched with 1t, and the melted wax thus transferred 
the under side of the round end of the platinum strip x s. in- 
Liat thereupon it 1s pressed on to the membrane 7 77. 
2, From a long hne of experiments, which I have performed 
the telephone, I take the liberty of giving here some results : 
\ Gagniard-Latour siren with upright axis, blown near the 
e S from the lowest to the highest tone gave no result. Only 
tating plate was turned directly toward the funnel-shaped 
l receiver S. and brought very near the same, was it twice Ppos- 
Chie edium tones of the siren to hear two short tones of 
the pitch h! 
1 1 ne-fork With normal tone a! aroused no tone Whate vel 
eiver C, neither when in immediate vicinity of the sound 
el S. en laid upon it 
) which gave ording as it was rubbed with a 
O tone or h*, pl iced no results from the tele- 
vnen f Le is brought vi SO hear T tl Si lnal 
— } Ll upon tt COnix Whneh The Tone eans ¢ 
sonant tubes was very perceptibly strengthened, did thi 
YT spond weakly and shortilv, and indeed ag vith | 
\ Dp pipes belonging to tl] SCALE DeETWer tc” 
\ ii With the walls of then Ls tc Ss ui ii= 
~ OlVe it tones, were not , ur tele- 
~ it they were most thy spect thie 
rive ier opeh end | Tire eLLS ~ Liv lii- 
efo) to t pening S of the sound « thie 
smitter A. ‘This position may be ealled the “ tirst 
pes also worked successiully upon the telephone when 
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their mouths (the holes) were laid on the sound-conducting opening 


S. This position may, from now on, be called the “ second.” If the 
pipes in both positions were removed only a few lines from the 
sound receiver S the effective vibration of the membrane ceased ;: 
and, in fact, in the first position sooner than in the second. If, how- 
ever, pipes ot any material ot ditterent leneth (L tt. to over 8 ft. 
and ditterent widths, were laid on the conducting sound tube, and 
the former pipes applied to these in the first or second position, the 
telephone gave the same results as in the immediate use of the short 
transmitting tube. 

(¢)} The former pipes, when eovered., eaused AS WArAS TO ay fore- 
seen) the telephone mostlv not to sound at all, or only interrupted) 
in the first position. In the second position the telephone was ex- 
cited by them for the most part completely, seldom interruptedl|y. 

(7) Thad at my disposal no pipes of the c* seale. Tones from 
the latter scale, which by strong blowing were excited in the pipes 
used by me, gave mostly no result, no matter what position was 
civen to the pipe. 

(J) A reed pipe of tone a. with open reed excited the rod ot the 
telephone only when its open end was turned toward and brought 
near the sound receiving funnel S of the transmitter. Increasing the 
tone by a resonant tube produced an interrupted tone. <A like 
result Was obtained with rat reed pipe of the tone ¢! with full beat 
reed only here the excited telephone tone was constantly inter- 
rupted. 

(4) The miniature normal diapason (a small reed pipe of the 
tone a! compare Chap. VI.) sunk into the sound-conducting reeds, 
so that the mouth lay on the funnel, produced a clear tone in the 
telephone when strongly blown. 

(¢) Marches drummed at A with the key e e were produced by 
the receiver C, and, in fact, always with the tone h'. 

(A) Singing of different melodies was always successful; the 
rhythm of speaking was only interruptedly reproduc 

(/) Whistling with the mouth into S had no effect, and the tone 
passed over intoa higher one, probably because the vibrating column 
ot ALY. thereby became shorter. The tones f! ‘ gi. et ts fis , and 
cist, produced with the month by whustling passed over into fis', 


gl. C1s! and af respectively, as SOOT AS the mouti Lit \ Lthi- 


. ms 


seco hl a 9 
o18*, OD 


meciately before the sound receptor ‘. 
There was a rise in the tone of half a tone. 
Similar rise in tones is obtained by whistling into a cup, hat, 


OU! 
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&c., indeed the cutting off of the current of air coming from the 
mouth by the flat of the hand raises the tone in such whistling, 
and this can be very easily recognized by moving the hand up and 
down. 

Since the distinct buzzing of the platinum strip on the trans- 
mitter Sis a sure sign that the iron rod e e is sounding at C, there 
is no need in this respect of telegraphic communications between 
stations (S 92, ad). 

4) If a comparison is made of the results of experiments with 
the telephone and those with the membrane phon-autograph 1t will 
seem at first as if the latter did much too little in comparison with 
the former. This contradiction, however, rapidly disappears. The 
membrane phon-autograph also gives plain tone writings ofa melody 
in the space of an octave, together with double tones and chords, 
and recording to Donders, still more. Moreover. in the telephone 
the membrane is moved not only by the vibrations otf that tone, by 
which according to the laws of sympathetic vibration, it can be 
brought imto vibration, but it 1s also mechanically raised and 
lowered by the strong condensations and rarefactions arising from 
the exciting tone (singing, &c.) In the closed masses of arr. Every 
condensation will press the membrane outward, even when its 
deepest normal tone is much higher than the exciting (sung) tone. 
Ver) strong and thick membranes might perhaps resist this purely 
mechanical excitation, but they would be then not sensitive enough 
for real sympathetic vibration. Jn many cases (for example, in 

rumming with the key on the box, in placing the apparatus A on 
the resonant cover of the piano, &e.), the vibration of the membrane 
in the telephone arises also only in the same way as the membrane 


Konigs pipes for proving notes of vibration (compare a latter 


— 


paragraph : ln this nls, the stretching ot the membrane Is not 


eCessary ip order that the latter may show outwardly the condensa- 
tions and rarefactions of the air in the pipe. 
Pipes with thin walls furnish a farther proof of this. The latter 


llow trembling tO be felt when touched by the hand while the pipes 
re sounding; mndeed, very thin walls deepen the tone somewhat. 


nel thereby show that they tube hot able to resist the pressure 


} 


MS TNO trom The condensations. 


Sand sprnked upon the walls of this kind is thrown off from the 
Lal points. If, therefore, thin strips of wood are able to Lmitate 
n such a manner the vibrations of the air in the pipe, although 


he exciting tone, this 


} 


the proper tone of the wall mav he far from t 
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g 
is certainly much more the case with a membrane. The experiments 
with the pipes introduced in the previous paragraph also confirm 
this, for they only then gave a result in the telephone when the 
open end or mouth of the pipes lay very near the sound receptor, 
and even the experiments with singing confirmed this view. Just 
these experiments show the telephone weaker in comparison of the 
membrane-phonautograph because in the latter when the membrane 
is tuned for a tone, the tone writing comes, whatever position the 
exciting tone may have had in reference to the sound receiving side 
of the membrane-phonautograph, provided only it is near enough. 
And vet it would seem that to close the battery by means of the 
vibrating platinum strip on the membrane demands less strength 
than to move the little pen so that it may be able to remove the 
lampblack on the writing cylinder. The results of the few experi- 
ments with the telephone appear moreover to indicate that it might per- 
haps be more advantageous for the production of tone writing by means 
of the membrane phon-autograph, to make the latter of smaller di- 
mensions than has been the case up to the present. In fact, Koning 
is already busy on new arrangements for the membrane phonauto- 
graph. Koning already hopes a better result for the written repro- 
duction of simple sung melodies, 1f the wide opening of the parabo- 
loid in the membrane phonautograph be closed by a plate, which had 
a small opening for applying the mouth. 

In any case, a renewed study of the laws of the sympathetic vi- 
brations of the membrane with a special reference to both pieces of 
apparatus will be necessary. 

Many think that the membranes must vibrate sympathetically to 
every tone, because all the tones are heard by means of the mem- 
brane in the eal, but in this respect it is very Important to note 
that, according to Prof. Mach (27), this rary be brought aboat by a 
proper accommodation mechanism in the ear. For me this supposi- 
tion of an accommodation, according to the varving tensions of the 
tvinpanum asa high degree of probability bordering on certainty. 

Philip Reis showed hus apparatus for the first time in October, 
1861, in a very primitive form to the Physical Society at Frankfort- 
on-the Main , On July {th, 1865, to the same Society he showed the 
form represented in Fig. 60. This time he experimented over adis- 
tance of three hundred feet. Prof. Botger introduced the apparatus 
to the Naturforcher-Bersammilung, at Stettin (1863), in the Phys- 
ical Section. 


tine 


. 
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-Rets Prospecrus—F rom PIsko. 
Pisco’s Neueren Apparate der Akustik, Wien, 1865, p. 241. 


26. Here may be the place for the Prospectus which the inventor 
Mr. P. H. Reis attaches to the apparatus furnished by him and 
made by the artisan, Mr. Albert, in Frankfiirt. 

(Telephon). Every apparatus consists, as can be seen from Fig. 
60, page 96, of two parts—the telephone proper and receiver C. 
These two parts are placed at such a distance from each other 
that the singing or toning of a musical instrument can be heard in 
no other way from one station to the other except through the ap- 
paratus. 

Both parts are connected with each other, and with the battery 
B lke common telegraphs. The battery must be sufficient to bring 
about at station A the attraction of the armature in the electro- 
magnet fastened at the side (3-4 six inch Bunsen cells are sufficient 
for several hundred feet distant). 

The galvanic current goes from B to the post /, from here through 
the copper strip to the platinum leat on the middle of the membrane, 
then through the foot (at D, Fig. 60) of the angle to the screw 4, in 
whose small hollow a small drop of mercury is placed. From here 
the current goes through the small telegraph apparatus e, 7, then 
back to the key of the station C and through the spiral over 7 
back to B. 

If now sufficiently strong tones are produced in front of the 
sound-opening §S, through the vibrations of the same, the mem- 
brane and the angular shaped little hammer lying upon it are set in 
vibration ; the circuit is alternately opened and closed at every full 
vibration ; and hereby are produced in the iron rod of the spiral at 
station C, the same number of vibrations, and these are perceived 
there as tone or tone combinations (accords). By laying the uppei 
box tightly upon the axis of the spiral, the tones at C are very 
much strengthened. 

Besides the human voice there can be produced (according to 
my experience), Just as well the tones of good organ pipes from F— 
c and those of the piano. For the latter purpose A is placed upon 
the sounding board of the piano. (Of thirteen common chords an 
experienced experimenter could clearly recognize ten). As regards 
the telegraphic apparatus attached to the side, this is clearly un- 
necessary for the reproduction of tones, but it forms a very agreea- 
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ble addition for comfortable experimenting. By this it is possible 
to correspond right well, and surely with ones’ vis-a-vis. 

This takes place somewhat in the following simple manner : 

After the apparatus is completely set up assurance is had of the 
continuity of the conductor, and the strength of the battery by 
opening and closing the circuit, when at A, the striking of the arm- 
ature, and at C a very perceptible ticking of the spiral is heard. 

sy quickly alternately opening and closing at A, it is asked at C 
if they are ready for experimenting, whereupon C answers in the 
Same manner. 

Simple signals can by agreement at both stations be given by 
opening and closing the circuit once, twice, three times, or four 
times, for example : 

1 stroke = sing. 

2 strokes = speak, ete. 

I telegraph words by numbering the letters of the alphabet, and 
then communicating their numbers : | 

1 stroke —a. 

2 strokes — b. 

3 strokes —e. 

4 strokes — d. 

5 strokes =e, ete. 

Z would in this way be designated by 25 strokes. 

This number of strokes would, however, waste time in represent- 
ing and would be difficult to count surely, wherefore I place a dacty!] 
stroke for every five strokes, then we have: 

—m th) for e. 

—— (00 and 1 stroke for f, &e. 

Z ——00——00——00—— 00——00, which is more quickly and 
easily carried out, and better to understand. 

It is still better to designate the letters by numbers which are 
inversely proportional to the frequency of their recurrence. 

Dolbear, pages 601-603. 


j 
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(No. 8.) Defendants’ Exhibit, Ferguson’s Description 
of Reis. 


Eirtract From Publication Entitled * Electricity,” hy Ropertr M. 
Frrauson, London, 1867. Page 257. 


J. A. W., Sp. Ex’r. 
[Introduced in Record, page 6.) 


THE TELEPHONE.—This is an instrument for telegraphing notes of 
the same pitch. Any noise producing a single vibration of the air, 
when repeated regularly a certain number of times in the second 
(not less than 32), produces, -as is well known, a musical sound. In 
Art. 115, we found that when a rod of iron was placed in a coil of 
insulated wire, and magnetized by a current being sent through the 
coil, it gave out a distinct tick when it was demagnetized by the 
stoppage of the current. A person when singing any note causes 
the air to vibrate so many times per second, the number varying 
with the pitch of the note he sings, the higher the note, the greater 
being the number of vibrations. If we then, by any means can get 
these vibrations to break a closed circuit in which the coil just men- 
tioned is included, the note sung at one station can be reproduced 
at least so far as pitch is concerned, and another. Reis’ telephone 
(invented 1861) accomplishes this in the following way : 

A A (Fig. 141), is a hollow wooden box with two round holes in 
it, one on the top, the other in front. The hole at the top is closed 
by a piece of bladder S, tightly stretched on a circular frame; a 
mouth piece M is attached to the front opening. 


Fic. 14l. 


When a person sings in at the mouth-piece, the whole force of 
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his voice is concentrated on the tight membrane, which in conses 
quence vibrates with the voice. A thin strip of platinum is glued to 
the membrane, and connected with the binding screw «, in which a 
wire from the battery B is fixed. <A tripod e fg, rests on the skin. 
The feet e and f lie in metal cups on the circular frame over which 
the skin is stretched. One of these,7, rests, in a cup containing mer- 
cury, and is connected with the binding screw 4. The third foot g, 
consisting of a platinum point, lies on the circular end of the strip 
of platinum just mentioned. This point, being placed on the centre 
of the oscillating membrane, acts like a hopper, and hops up and 
down with it. It is easy to understand how, for every vibration of 
the membrane, the hopper will be thrown up for the instant from 
connection with its support, and how the close clreuit is thus broken 
at every vibration. The receiving apparatus R consists of a coil 
of wire placed in circuit, enclosing an iron wire, both being fixed ona 
sounding box. The connections of the various parts of the circuit are 
asily learned from the figure. Suppose a person to sing a note at 
the mouth-piece which produces three hundred vibrations a second, 
the circuit is broken by the bladder three hundred times, and the 
iron wire ticking at this rate gives out a note of the same pitch. The 
note is weak, and in quality resembles the sound of a toy trumpet. 
Dr. Wright uses a receiving apparatus of the following kind: The 
line current is made to pass through the primary coil of a small in- 
duction coil. In the secondary circuit he places two sheets of paper 
silvered on one side, back to back, so as to act as a condenser. 
Each current that comes from the sounding apparatus produces a 
current in the secondary circuit which charges and discharges the 
condenser, each discharge being accompanied by a sound like the 
sharp tap of a small hammer. ‘The musical notes are rendered by 
these electric discharges, and are loud enough to be heard in a large 


hall. 
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(No. 9.) Defendants’ Exhibit, ‘‘The Telegrapher,” 
published in New York in 1869, Vol. 5, No, 39. 


J. A. W., Sp. Exr. 


Introduced in Reeord. page 6, 


(This 1s a REPRINT of Dr. Van DER WEYDE’S ARTICLE IN 
MANUFACTURER AND BUILDER” for May, 1869. See No. 10. 
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THE TELEPHONE. 


One of the most remarkable recent inventions connected with 
telegraphy is the telephone, an instrument which transmits directly 
the pitch of a sound by means of a telegraph wire—either an air 
wire or submarine cable; so that, for instance, when the operator 
at one end of the wire sings or plays on an instrument any tune, as 
“Yankee Doodle,” or “ Hail Columbia,” it will be heard and distin- 
guished plainly at the other end. This invention may, in its pres- 
ent state, have no direct practical application, but be a mere scien- 
tific, although highly interesting curiositv; but who can say that 
it does not contain the germ of a new method of working the tele- 
graph, or some other useful practical purpose? The telephone is 
not the result of an accidental discovery, but of a thorough study 
of the laws of electro-magnetism and of sound. It is founded on 
the fact that the difference in pitch of different tones 1s caused by 
different velocities of vibrations of the elastic-sounding body ; 
which vibrations are transmitted to and by the air with exactly the 
same velocity, and from the air may be communicated to a properly 
stretched membrane, like a piece of bladder or very thin sheet of 
india rubber, stretched like a drum head, which these also will 4 
brate with exactly the same velocity as the air and the original 
sounding body, be it the human voice, organ pipe, string, or any 
musical instrument, if, now, at the centre of this little drum head 
there be attached a small disk of some metal not easily burned by 
electric currents—for instance, platinum—while at the same time a 
platinum point may, by means of a screw, be so adjusted as to come 
very nearly in contact with this smal] platinum disk, it is clear that 
when the membrane is put in vibration a succession of contacts be- 
tween the disk and point will be produced, of which the number in 
each second will exactly correspond with the number of vibrations 
in each second of the sounding body, or the tone produced by it. 
That part of the apparatus which serves to send off the tune or 
melody is represented in the illustration, Fig. 2. It consists simply 


DEFENDANTS EXHIBITS. 


of a square wooden box, provided at the side with a kind of mouth- 
piece similar to that of a speaking tube, and at the top with an 
opening, over which the membrane just mentioned has_ been 
stretched. The small disk of platinum attached to the centre of 
this little drum head is, by means of a very flexible strip of some 
metal that conducts well attached to one pole of the galvanic bat- 
tery, of which only one cup is represented in the figure, although 
for a long wire several cups will of course be required. The reason 
why this connection near the platinum disk is a flat, thin and flexi- 
ble strip is, that any rigidity would interfere with the freedom of 
vibration of the membrane to which it is attached. The point 
coming in contact with this small vibrating disk is connected with 
sround wire, the other pole of the battery with the air wire or sub- 
marine cable. It is clear, from this explanation, that at every con- 
tact of the platinum point a wave of electricity will be sent over 
the wire, and as many waves in a second as there are contacts ; and 
as there are as many contacts as there are vibrations in every sec- 
ond, the number of electric waves will be always exactly equal to 
the number of vibrations corresponding with the pitch of each tone, 
be it fifty, one hundred, two hundred, or five hundred in every sec- 
ond. 

The instrument in which this succession of waves is made audi- 
ble at the other end of the telegraph wire is founded on fact, first 
investigated by Professor Henry, of the Smithsonian Institute, at 
Washington, that iron bars, when becoming magnetic by means of 
electric currents passing around them, become slightly elongated, 
and at the interruption of the current are at once restored to their 
original length. It is represented in the cut, Fig. 3, and consists 
of an elongated wooden box, of which the top is made of thin pine 
wood, similar to the sounding board of a stringed musical instru- 
ment, to which are attached two bridges carrying long pieces of mod- 
erately thick and very soft iron wire, which for nearly their whole length 
are surrounded by a coil similar to the coil of the electro-magnets 
used in telegraphing. One end of this coil is attached to the tele- 
eraph wire, the other to the ground wire, as represented in the 
figure. At every instance that a contact is established at the sta- 
tion where the sound is produced, and a current wave thus trans- 
mitted, these wires will become magnetic, and consequently elon- 
gated, and they will be shortened again at every interruption of the 
current; and as these currents and interruptions succeed each 

other with the same velocity as the sound vibrations, the elonga- 


THE MANUFACTURER AND BUILDER. 53 


) , 
. . 2 | . . . . ; 
tims and shortenings of the magnetized iron wires will succeged | 


-ach other with exactly the same velocity, and consequently they 
will be thrown into a state of longitudinal vibrations correspond- 
ing with the original musical tone, which vibrations will then be 
communicated to the sounding board in exactly the same manner 
as is the case with the vibrations of the strings in all stringed in- 
struments, thus becoming more audible at the receiving station. 

It is clear, from the foregoing explanation, that no quality of 
tone can be transmitted. Much less can articulate words be sent, 
notwithstanding the enthusiastic prediction of some persons, who, 


when they first beheld this apparatus in operation, exclaimed that 


now we would talk directly through the wires. It is, from its na- 
ture, able to transmit only pitch and rhythm, consequently melody 
and nothing more. No harmony, nor different degrees of strength 
or other qualities of tone can be transmitted. The receiving in- 
strument, in fact, sings the melodies transmitted, as it were, with 
its own voice, resembling the humming of an insect, regardless of 
the quality of the tone which produces the original tune at the other 
end of the wire. This instrument is a German invention and was 
first exhibited in New York at the Polytechnic Association of the 
American Institute, by Dr. Van der Weyde. The original sounds 
were produced at the further extremity of the large building (‘The 
Cooper Institute), totally out of hearing of the Association, and 
the receiving instrument, standing on the table of the lecture 
room, produced, with its own rather nasal twang, the different tunes 
sung at the other end of the line, rather weakly, it is true, because 
of the weak battery used, but very distinctly and correctly. 
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Lhe Wonders of electricity. Translated from the rench of JS. 
Baile. New York: Scribner, Armstrong & Co. 1872. 
pp. 140-143. 


J. A. W., Sp. Exr. 
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Wonderful as are these achievements, the inventions in tele- 
vraphy have gone still further. To be able to transmit thought to 
. distance is a triumph which was formerly astonishing; but we are 
now accustomed to it, and continue to practice it without its creat- 
ing the shghtest wonder. ‘To be able to transmit handwriting, and 
even drawings, appeared to be still more difficult ; but this problem 
has also been resolved, and we now hardly wonder that this feat 
S accomplished by Means SO simple. Mankind ever requires a hew 
stimulus to its curiosity, and already it is looking forward to the 
discovery of more marvels in telegraphy ; some years hence, for all 
we know, we may be able to transmit the vocal message itself, with 
the very inflection, tone and accent of the speaker. Already has 
the acoustic telegraph been invented ; the principle has been dis- 
covered, and it only remains to render the invention practicable 
and usetul a result which, in these days ot sclence, cloes not ap- 
pear to be impossible. 

Sound, of whatever kind, is produced by a series of vibrations, 
more or less rapid, which, setting out from a sonorous body, tra- 
verse the air and reach our ear. Just as a stone, dropped into a 
pond, throws off a succession of circular undulations or water rings, 
sO a concussion, acting on the air, produces analogous vibrations, 
though they are invisible; and it is when these vibrations reach the 
ear that we become sensible of sound. 

An eminent scientific German, M. Helmholtz, has analyzed the 
human voice and determined its musical value ; according to him, 
each simple vowel] Is formed by one or more notes of the seale, aue- 
companied by other and feebler notes which are harmonics of these. 
He demonstrates that it is the union of all these notes that give 
quality to the voice. Each syllable is formed by the notes of the 
vowel, accomplished by different movements of the organs of the 
mouth, M. Helmholtz, reflecting upon this, thinks it would be pos- 
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sible to construct a human voice by artificially producing and Copp ' 
bining the elementary sounds of which it is composed. 

This is not the place to discuss such theories, but if we grant 
that there is any truth in them, we can understand that the ac- 
oustic telegraph can be invented and can transmit the living voice. 
Already experiments have been made in this direction. A vibrating 
plate produces a sound and, according to the rapidity of the vibra- 
tions, these sounds are sharp or flat. At each of the vibrations the 
plate touches a small point placed in front of it, and this contact 
suffices to throw the current into line ; when the plate ceases to vi- 
brate and returns to its position of equilibrium, it no longer touches 
the metal point and the current is consequently interrupted. By 
this means is obtained a series of interruptions, more or less rapid, 
according to the sound, the current being thrown into the line and 
interrupted once for each of the vibrations. At the extremity of 
the line the current enters an electro-magnet, which attracts an- 
other vibrating plate of size and quality identical with the for- 
mer. Attracted and repelled very rapidly, exactly and as rapidly 
in fact as the plate mentioned above, this second plate gives forth a 
sound which will have the same musical value as that of the other, 
as the number of vibrations per second is the same in both cases. 

Should this process be perfected, it will be possible to transmit 
sounds by means of the telegraph—to transmit a series of sounds, a 
tune, or spoken sentence, and conversation. This consummation 
has not, however, been yet attained. Many experiments have been 
made, the principle has been applhed in divers ways, and everything 
makes us hope that we will yet arrive at a perfect system of acous- 
tic telegraphy. Advances have been made very far upon the road 
to success. A series of vibrating plates, answering to the strings of 
a harp, has been arranged, each of which vibrates when struck by 
a particular sound, and sends off electricity, to create at the end of 
the line the same vibrations in a corresponding plate ; or, in other 
words, to produce the same sound. 

This system, it must be admitted, is at least very ingenious. 
Experiments have been made in laboratories, that is to say, under 
conditions entirely favorable, and such as we would not often find 
in actual practice. Under these conditions a musical air has actu- 
ally been successfully transmitted by this acoustic telegraph. All 
must admit that this is a promising beginning, but we must not make 
too much haste to exalt the miracle and to extol the advantages of 
the future machine, or to abandon ourselves to the indulgence in indis- 


7; 


j 


f 


4 


56 DEFENDANTS EXHIBITS. 


criminate iaudation on the strength of this new discovery. That 
would be a gross mistake and an injury to science. True scientific 
faith is doubt until the truth appears in uncontrovertible clearness. 
Care must be taken not to take for reality that which is merely a 
desire on our part. We must guard against all premature exulta- 
tion, because it weakens us in the search for truth, and because 
even one deception is cruel. Let us therefore give to doubt, to pa- 
tience and to perseverence the place which some too readily give to 


congratulation. 
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CONCERNING THE IMPROVED ‘TELEPHONE. | 

In the meeting of the Physical Society, held on July 4th, at 
Frankfort a-M.,a member of the society, Mr. Philip Reis, from 
Friedrichsdorf, near Homburg before the Heights, exhibited some 
of his improved telephones (apparatus for the reproduction of tones 
at any desired distance by means of the galvanic current). It is 
two years since Mr. Reis first gave publicity to his apparatus, and, 
although the performances of the same, in their simple, primitive 
form, were astonishing, yet they had this great defect, that experi- 
menting with the same was possible only for the inventor. The in- 
struments exhibited in the above-mentioned meeting scarcely re- 
minded one of the earlier forms. 

Mr. Reis has striven to give the same a form pleasing to the 
eye, so that they now will worthily fill a place in every physical 
cabinet. This new apparatus can now be easily managed (worked) 
by every one, and works with great certainty. Melodies sung quite 
lightly, at a distance of about three hundred feet, were reproduced 
by the instrument, set up much more distinctly than formerly. The 
musical scale was especially sharply reproduced. 

The experimenters could even reproduce words, although, in- 
deed, only such as had been often heard by them. 

In order, now, that others, less experienced, may be able to even 
make themselves understood through the apparatus, the inventor 
has fixed at the side of the same a small, vet, according to his ex- 
planation, entirely sufficient arrangement, whose speed of communi- 
cation, indeed, is not so great as that of the more recent telegraphs, 
but which works very surely, and assumes no especial skill in the 
person working it. We would call the attention of gentlemen busy- 
ing themselves with physics to the fact that the inventor now has 
this interesting apparatus manufactured for sale under his super- 
vision (the principal important] parts he makes himself), and the 
same can be had of him directly or through the mstrument maker, 
Wilhelm Albert, at Frankfort-on-the-Main, in two qualities, differ- 
ing only in outward finish, at fourteen and twenty-one florins, re- 
spectively (Bottger’s Polytechn. Notizblatt, 1863, No. 15). 
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Vol. XXTIY., pages 349, 35.2. Printed and published 
at Paris, March 22, 1864. 
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(ZENERAL Puysics: ACOUSTICS. 
Lhe Acoustic Tel. graph vr Lelephone ot M>. Philip [Reis. 


In 1837 Mr. Page observed for the first time the phenomenon of 
the production of sound by electricity, when the poles of a magnet 
were rapidly brought near to and moved away from a helix or con- 
ducting wire, through which an electrical current was passing. M. 
Delezenne produced an analogous effect by turning an armature of 
soft iron before the poles of a magnet. The particular phenome- 
non with a helix was observed separately by M. de la Rive and 
MM. Beatson and Marriani. Each of these physicists made upon 
this subject their own special remarks. M. de la Rive attributed 
the sound produced to the kind of shock which took place upon the 
sudden displacement of the molecules at the moment when the cur- 
rent produced its appropriate action. It would therefore be 
possible to increase the intensity of the ettect produced by multiply- 
ing the intermittances in the passage of the current. It is in this 
way that the learned professor of Geneva was able to produce a 
sound both clear and prolonged, from a cylindrical mass of iron ten 
centimetres in diameter and weighing ten kilogrammes. M. Mar- 
riani recognized on his part that the sound created by a bar of iron 
placed in these conditions was the same as that which it would give 
forth if it was thrown into vibration by blows which affected it at 
its extremity. None of the magnetic metals produced any effect of 
the kind. <As to the coercitive force, M. Marriani establishes that a 
bar of steel, well tempered, would make no sound, but that on the 
contrary the phenomena manifested itself when it was annealed. 
M. Marriani and M. de la Rive observed also that an intermittent 
current passed through a stretched wire made it produce a sound 
identical with that which it would give forth if it were placed in the 
interior of a helix. According to M. de la Rive, the sound was 
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more intense as the wire was made shorter, and according asAt¢ 
electrical resistance came nearer to that of the battery employed. a 

M. Wertheim rendered sensible to the ear the vibrations which 
result from the passage of a discontinuous electric current through 
a rigid bar. 

In these various experiments, in addition to the musical sound, 
the observer perceived a succession of blows (battement) which co- 
incided with the interruptions of the current. M. de la Rive com- 
pared them to the noise which drops of rain made on falling upon 
a metal roof. These successive blows would even be obtained on 
operating upon magnetic metals reduced to a powder. M. de la 
tive explains this: The sound produced by iron when the current 
passes in the magnetizing helix is explaimed by M. de la Rive as 
follows: 

“The current tends to place the molecules of the iron in a longi- 
tudinal direction. These tend to return afterwards to their normal 
position, hence the vibrational movement which gives rise to the 
sound.” 

It is on the basis of these facts that Mr. Reis has constructed the 
telephone or acoustic telegraph. Fantastic minds have singularly 
exalted the qualities of this apparatus. They have undertaken to 
indicate for it at once an office which it is far from being able to fil] 
The exaggerations of these illusions have been demonstrated to us 
by experiments which we have just made at Mr. Koenig’s establish- 
ment with an apparatus constructed in Germany, under the super- 
vision of Mr. Reis. This physicist has constructed his telephone in 
the following manner : 

The transmitter (manipulator) is represented by a rectangular 
hollow box. One of the sides of this is provided with a flaring 
opening, intended to receive the note which was to be transmitted 
The upper surface of it consists of a membrane, suitably stretched, 
on the centre of which is fixed a strip of platinum, which 1s in elec- 
trical connection with one of the poles of the battery. Above this 
there Is placed a second and movable strip which. when the in- 
strument is not in operation, rests on the first by a fine point, mak- 
ing contact by a fine point, also of platinum. It will readily be un- 
derstood that if the membrane vibrates it will throw up into the air 
the movable strip, which will again fall back into place. Hence, 
oscillations which will correspond in number exactly with those of 
the membrane. The receiver is composed simply of a magnetizing 
helix, in the interior of which is placed a bar of soft ron. Th: 
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whole is mounted on a resonating box. When the apparatus is 
to be operated, these two instruments are placed in the circuit with 
an ordinary line battery. The operation of the instrument is easy 
to understand. The vibrations which the operator placed in front 
of the mouth-piece impresses upon the air enclosed in the box of 
the transmitter are repeated by the membrane ; and just as a style 
fixed on this membrane (as in the phonautograph) would write 
these vibrations upon a paper covered with lamp-black, so in the 
same manner the electrical contacts are successively established and 
broken between the two strips of platinum. Hence, there is caused 
in the coil of the receiver a number of intermittances or interrup- 
tions in the passage of the current, which is necessarily equal to the 
number of vibrations of the membrane of the transmitter. Now, 
since each intermittation causes one single shock, a series must 
necessarily produce a sound identical in pitch with that produced 
at the mouth-piece of the transmitter. Would not the telephone of 
Mr. Reis be an admirable instrument if it realized absolutely the 
promises which its theory holds out? Without prejudging the fu- 
ture, we must recognize that it has not yet done so. When one 
sings the musical scale of the transmitter, there needs an ear well 
trained to distinguish the sounds repeated by the receiver in the 
midst of the vibrations which agitate it. For ourselves, we have 
been only able to recognize the success of rise and pitch of these 
rapid roulades ; but perhaps a trained musician would be able to 
recognize amongst them a dominant note. The model, however, of 
which we speak, did not, and had in its construction several causes 
of error; and Mr. Koenig, so justly recognized in matters of acous- 
tics, intends to study out the improvements of which this telephone 
is susceptible. 

Let us mention some of the principal of these causes of error : 
It may be that the membrane will not at every moment vibrate with 
the same degree of amplitude, and this will consequently occasion 
sometimes a failure to make contact; if the sound produced by the 
operator at the transmitting end does not vary much, the contact 
may be prolonged ; the remedy for this defect is in substituting for 
the voice of the operator a tuning fork, arranged to vibrate, for 
example, by a battery ; then a note would be produced which would 
be better defined but always very feeble. As to improvements which 
would be of a nature to render this telegraphic apparatus practica- 
ble, Mr. Koenig is well fitted to find them. We already know certainly 
that the intensity of the sound increases as a softer iron is used, 
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because in that case the molecules have more freedom of motipr 


than they had in the hardened iron or in steel. If the iron corgAs 


magnetized by the influence of a permanent magnet, or by another 
coil, its sound is more intense when the intermittent current is sent 
in such a direction as to produce a demagnetizing effect upon it, and 
it is less intense when the current is sent through the helix in such 
a direction as to increase the magnetism. The reason is, that in 
this last case the molecules are in advance, in a position already 
very near that which the current can compel them to take. Too 
much tension in the core also makes the sound more feeble, for the 
molecules having been already placed in a forced position, are less 


free to receive further motion. The electrical transmission of 


musical sounds is therefore a problem, of which the true solution 
has not been found; and all the magnificent promises which have 
been made and published on the subject of acoustic telegraphy seem 
to us still to belong to the region of illusions. 
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This apparatus is intended to transmit sounds to a distance by 
means of electricity. It rests upon the fact demonstrated by the 
preceding apparatus. (Zhe preceeding uppuratus was the Wertheim 
coil and COTE, which Leis uses for a receiver. ) 

At the first station the current traverses a little band of plat- 
inum, which is attached to a membrane in such a way as to follow 
all its movements, and of a very movable point, which rests lightly 
upon thismembrane. At the other station the current traverses a 
eoil,. at the center of which is a bar of soft iron. If now we produce 
before the membrane a sound which causes it to vibrate, each 
vibration in pushing away the point from the platinum plate will 
produce an interruption of the current. On the other hand, each 
making of the current will produce in the bar of soft iron at the 
second station a momentary and weak sound. It is the rapid and 
isochronous succession of these sounds, all acting as simple blows, 
which produce the continuous sounds that are heard. It is true 
that they are not of good quality and that they cease from time to 
time. Thiscomes from the tact that the membrane does not vibrate 
equally well for all tones, and because the manner in which the 
vibrations determine the interruption of the current, by pushing 
the little poimt away from the plate, is far from being perfect. 
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Du Moneel’ s Lixrposé des applications de l Kleetricité. Vol. 2. }). 
225, Edition 1854; Vol. 3, p. 110, Edition 1856, contains the fol- 
lowing : 

“ Klectrie Transmission of Speech. I lave not been willing to 
give a place in the chapter on electric telegraphy to a fantastic con- 
ception of a certain Mr. Ch. B**, who believes that we may yet be 
able to transmit speech by electricity, because I might have been 
asked why, by the side of so many remarkable inventions, I was 
willing to class an idea which, as presented by its author, has not 
got. beyond the condition of a dream. But I have undertaken to 
mention all of the applications of electricity which have come to 
my knowledge, and therefore I will here give the information which 
the ‘author has published up to this time on the subject. 

‘“ After the telegraphic marveis, which can reproduce at a dis- 
tance handwritings, or even more or less complicated drawings, if 
may appear unpossible to penetrate farther into the region of the 
marvelous, yet we will try to advance a few steps farther. I have, 
for example, asked myself whether speech itself may not be trans- 
mitted by electricity ; in a word, if what is spoken im Vienna may 
not be heard in Paris? The thing is practicable in this way : 

“We know that sounds are made by vibrations, and are made 
sensible to the ear by the same vibrations which are reproduced by 
the intervening medium. But the intensity of the vibrations di- 
nunishes very rapidly with the distance ; so that even with the aid 
of speaking-tubes and trumpets, 1t is impossible to exceed somewhat 
narrow limits. Suppose that a man speaks near a movable disk, 
sufficiently flexible to lose none of the vibrations of the voice : that 
this disk alternately makes and breaks the currents from a battery ; 
you may have at a distance another disk which will simultaneously 
execute the same vibrations. 

“Tt is true that the intensity of the sounds produced will be 
variable at the point of departure, at which the disk vibrates by 
means of the voice, and constant at the point of arrival, where it 
vibrates by means of electricity ; but it has been shown that this 
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¥ does not change the sounds. It is, moreover, evident that the 


sounds will be reproduced at the same pitch. 

‘“'The present state of acoustic science does not permit us to 
declare a priori if this will be precisely the case with syllables 
uttered by the human voice. The mode in which these syllables are 
produced has not yet been sufficiently investigated. It is true that 
we know that some are uttered by the teeth, others by the lip, «c., 
but that is all. | 

‘““ However this may be, observe that the syllables can only re- 
produce upon the sense of hearing the vibrations of the intervening 
medium. Reproduce precisely these vibrations and you will pro- 
duce precisely these syllables. 

‘Tt is, at all events, impossible, in the present condition of 
science, to prove the impossibility of transmitting sound by electri- 
city. Everything tends to show, on the contrary, that there is such 
a possibility. When the application of electro-magnetism to the 
transmission of messages was first discussed, a man of great scienti- 
fic attainments treated the idea as Utopian, and yet there is now 
direct communication between London and Vienna by means of a 
simple wire. Men declared it to be impossible, but so it is. 

“Tt need not be said that numerous applications of the highest 


importance will immediately arise from the transmission of speech 
by electricity. Any one who is not deaf and dumb may use this 


mode of transmission, which would require no apparatus except an 
electric battery, two vibrating disks and a wire. In many cases, as 
for example in large establishments, orders might be transmitted in 
this way, although transmission by electricity will not be used while 
it is necessary to transmit letter to letter, and to make use of tele- 
sraphs which require use and apprenticeship. However this may 
be, it is certain that in a more or less distant future speech will be 
transmitted by electricity. / have made some experiments in this 
direction. They are delicate, and demand time and patience; but 
the approximations obtained promise a favorable result.” 


DIDASKALIA BOURSEUL ARTICLE. O35 


(No. 16.) Defendants’ Exhibit, Didaskalia Boursgul | 


+ 


Article. > 
J. A. W., Sp. Ex’r. 


= 


| Introduced in Record, p. 7.! 


DimasKALiA, Sept. 28, 1854. 


The wonders with which electricity has lately astonished us are 
about, as it seems, to be increased by a new one, that would not 
only prepare a great revolution in the electric telegraph as prac- 
ticed up to the present, but would increase its usefulness in an incal- 
culable manner. 

It is a question of nothing more nor less than an electric trans- 
mission of the spoken word. The idea originates with a young and 
educated, though modest young man, Charles Bourseul, who was a 
soldier of the African army in 1848, where he attracted the attention 
of the Governor-General by a mathematical course which he deliv- 
ered to his comrades of the garrison in Algeria, and he is now living 
in Paris. Bourseul’s problem of the practicability of which he is 
completely persuaded, belongs, perhaps, to those discoveries which 
the scientific world afterwards declares very easy, and which they 
would gladly make us believe could easily have been discovered 
much earlier if they had chosen to give themselves the trouble. 

As is well-known, the principle upon which electric telegraphy is 
based, is as follows: An electric current traversing a metallic wire 
changes a piece of soft iron in the vicinity of which it passes into a 
magnet. As soon as the current ceases, the magnetic quality also 
ceases. ‘This magnet, the electro-magnet, can thus alternately at- 
tract or let go a movable plate, which by its movements back and 
forth produces the conventional signals used in telegraphy. Now 
it is farther known that all tones are brought to the ear ouly by vi- 
brations of the air, hence are really nothing more than these vibra- 
tions of the air, and that the endless variety of tones depends en- 
tirely upon the rapidity and amplitude of the sound waves. 

Could there now be invented a metallic plate which should be so 
movable and pliable that it reproduces all the vibrations of tones 
(like the air), and should this plate be so connected with an electric 
current that it should alternately make and break the electric cur- 
rent according to the air vibrations by which it was affected, it would 
thereby be possible also to arrange electrically a second similarly 


y 
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\\ ¥ does not change the sounds. It is, moreover, evident that the 
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sounds will be reproduced at the same pitch. 

“The present state of acoustic science does not permit us to 
declare a priori if this will be precisely the case with syllables 
uttered by the human voice. The mode in which these syllables are 
produced has not yet been sufficiently investigated. It is true that 
we know that some are uttered by the teeth, others by the lip, «c., 
but that is all. 

‘““ However this may be, observe that the syllables can only re- 
produce upon the sense of hearing the vibrations of the intervening 
medium. Reproduce precisely these vibrations and you will pro- 
duce precisely these syllables. 

“Tt is, at all events, impossible, in the present condition of 
science, to prove the impossibility of transmitting sound by electri- 
city. Everything tends to show, on the contrary, that there is such 
a possibility. When the application of electro-magnetism to the 
transmission of messages was first discussed, a man of great scienti- 
fic attainments treated the idea as Utopian, and yet there is now 
direct communication between London and Vienna by means of a 
simple wire. Men declared it to be impossible, but so it is. 

“Tt need not be said that numerous applications of the highest 
importance will immediately arise from the transmission of speech 
by electricity. Any one who is not deaf and dumb may use this 
mode of transmission, which would require no apparatus except an 
electric battery, two vibrating disks and a wire. In many cases, as 
for example in large establishments, orders might be transmitted in 
this way, although transmission by electricity will not be used while 
it is necessary to transmit letter to letter, and to make use of tele- 
eraphs which require use and apprenticeship. However this may 
be, it is certain that in a more or less distant future speech will be 
transmitted by electricity. / have made some experiments in this 
direction. 'They are delicate, and demand time and patience; but 
the approximations obtained promise a favorable result.” 
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DIDASKALIA, Sept. 28, 1854. 


} The wonders with which electricity has lately astonished us are 
; about, as it seems, to be increased by a new one, that would not 
only prepare a great revolution in the electric telegraph as prac- 
ticed up to the present, but would increase its usefulness in an incal- 
culable manner. 
It is a question of nothing more nor less.than an electric trans- 
mission of the spoken word. The idea originates with a young and 
educated, though modest young man, Charles Bourseul, who was a 
soldier of the African army in 1848, where he attracted the attention 
of the Governor-General by a mathematical course which he deliv- 
ered to his comrades of the garrison in Algeria, and he is now living 
in Paris. Bourseul’s problem of the practicability of which he is 
completely persuaded, belongs, perhaps, to those discoveries which 
the scientific world afterwards declares very easy, and which they 
would gladly make us believe’ could easily have been discovered 
much earher if they had chosen to give themselves the trouble. 


As is well-known, the principle upon which electzvic telegraphy is 
based, is as follows: An electric current traversing a metallic wire 
changes a piece of soft iron in the vicinity of which it passes into a 
magnet. As soon as the current ceases, the magnetic quality also 
ceases. This magnet, the electro-magnet, can thus alternately at- 
tract or let go a movable plate, which by its movements back and 
forth produces the conventional signals used in telegraphy. Now 
it is farther known that all tones are brought to the ear only by vi- 
brations of the air, hence are really nothing more than these vibra- 
tions of the air, and that the endless variety of tones depends en- 
tirely upon the rapidity and amplitude of the sound waves. 

Could there now be invented a metallic plate which should be so 
movable and pliable that it reproduces all the vibrations of tones 
(like the air), and should this plate be so connected with an electric 
current that it should alternately make and break the electric cur- 
rent according to the air vibrations by which it was affected, it would 


thereby be possible also to arrange electrically a second similarly 
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AS constructed metal plate, so that it repeated simultaneously exactly 
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\ the same vibrations as the first plate, and it would then be exactly 
4 the same as if one had spoken in the immediate vicinity against this 


second plate, or the ear would be affected precisely as if it received the 
tones directly through the first metallic wall. The electric telegraph 
formerly stamped by the academy as nonsense, is now spread 
throughout all the world as a common phenomenon ; if we ques- 9 
tion in regard to this new idea of a young physicist the principles of 
physics, they have not only nothing to offer against the possibility 
of its being carried out, but its success appears in fact, to be more 
probable than did a short time ago that of the electric telegraph 
itself. If it be practically carried out, the electric telegraph could 
be operated by every one. There would be need of no farther de- 
vice and knowledge than a galvanic battery, two vibrating plates and 
a metal wire; without any other preparation the one must talk 
against one metallic plate, and the other hold his ear near the other 
plate, and they could converse with each other as if face to face. 
The young inventor believes in the success of his efforts, and chal- 
1 lenges scientific men to prove that the laws of physics contradict the 
above-mentioned principles, and thereby, make the attempt seem 
impossible. Meanwhile, may the affair enjoy in high degree, the 
attention which it is certainly attracting, 
“ Didaskalia Magazine for Intelligence, Humor and News,” No. 
232. 28th of September, 1854. Translated by A. Stetson. 
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Sylvanus P. Thompson, B. A. D., &c., pp. 66--68. 
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TRANSLATION FROM “ DipaskaLiA,” May 8th, 1862. 


The excellent physicist, Mr. Phil. Reis, of Friedrichsdorf, calls 
| by this name his surprising invention for using the telegraph line to 
transmit really audible tones. 

Our readers will, perhaps, remember having heard some time 
since of this invention, the first trials with which Mr. Reis performed 
here in the Physical Society. Since then the invention has been 
constantly developed, and will no doubt, become of great import- 


ance. 
| TRANSLATION FROM “ DipAsKALtIA,” 12th May, 1862. 
} y 5 . 7. . . 
| Yesterday’s meeting of the free German Institute was a very nu- 
merously attended one from the fact that the subject in the order of 
&> business, ‘‘ Telephony by Transmission of the Galvanic Current,” as 


explained by the inventor himself, Mr. Phil. Reis, excites so great 
an interest that it rightly deserves the most general attention. 

In a lecture exceedingly interesting, universally understood, clear 
and concise, Mr. Reis gave a historical outline of the origin and de- 
velopment of his idea of the practical possibility of the transmission 
of tones in a galvanic way. 

His first attempts were mostly unsuccessful in solving the cardi- 
nal question propounded by him. ‘ How is it possible that a single 
instrument can reproduce at once the total action of all the organs 
operated in human speech?” Until finally it occurred to him to 
seek the solution of the problem in the question, “ How does our 
ear take cognizance of the total vibrations of all the organs of speech 
| acting at once ?” or ‘*‘ How do we perceive the vibrations of several 
rm bodies sounding at,once ?” 
| | In order to answer this question the lecturer went more closely 

into the anatomy of the ear and into the formation of tones in gen- 

eral. After this was determined, he took up again his experiments 

in reference to the transmission of tones by means of galvanism. 
Afterwards Mr. Reis constructed, considerably enlarged, the parts 
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of the ear necessary for hearing, by which it was finally possible for 
him to transmit the tones brought to the mechanically imitated ear. 
The experiments by him some months ago in the Physical Society, 
were, to the astonishment of all, exceedingly plain and clear, whereas 
the experiment following the lecture of yesterday was less success- 
ful. This was due partly to the poor conductivity of the wires, 
partly to the locality. 
Although much is still left to be done for the practical utilization 
(Verwertthung) of the telephone, yet a new and interesting field of 


labor is hereby opened to physics. 
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Reproduction des Schalles durch den Galvanischen Strom. (Frank- 
Surt.) | 
> Leeproduction of Sound by the Galvanie Current.” (Frankfort.) 


For this new discovery, which rightly excites the greatest interest, 
we have to thank Mr. Reis, teacher in Friedrichsdorf. He has suc- 
ceeded, after many experiments, in solving, up to a certain point, at 
least, this problem, which up to the present has been considered in- 
solvable. 

Of all the new discoveries in natural science there are none of so 
general advantage, and which so enter into our practical life, as those 
inthe domain of chemistry and physics ; in the latter, galvanism, in 
its appheation to electro-plating and telegraphy, has achieved re- 
markable results. At the moment when telegraphy has attained a 
place in our social life, there begins, perhaps, for the same anew 
era in the fact that as we in telegraphy make ourselves understood 
by means of signs, in this we can make ourselves understood by 
means of tones at a distance. 

Mr. Reis has constructed in a very ingenious manner an appara- 
tus by means of which he has shown some perfectly successful ex- 
periments befo: a large audience in the Physical Society in this 
city. 

He has made a very happy use of the earlier discovery that the 
iron core of a wire helix produces tones by the interruptions of the 
current following each other at very short periods. 

His apparatus for receiving the sound is based upon the arrange- 
ment of the human ear. It consists in the first place of a funnel- 
shaped cavity (to represent the cartilage of the ear) to receive the 
sound, closed at its narrower part by a membrane, upon which is 
fastened an elastic strip of platinum, which is connected with one 
of the cireuit wires, while the former is in electric connection with 
the other pole of the battery. 


As soon, then, as the sound waves set the membrane in vibra- 
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tion, the elastic strip of metal fastened to the same will make the 
>] 


‘same vibrations—will alternately rise and fall, thereby touching the 


other elastic strip, and so making and breaking the current. 

The reproduction of the sound by the galvanic current, for it is 
only such, and not a conduction of the sound, is brought about in 
the manner specified above. Into a wire helix, included in the cir- 
cuit, is placed a thin metal rod—e. g., a knitting needle—which ap- 
paratus, in order to increase the tone, is placed upon an easily-vi- 
brating support, a resonant box. By means of the current now 
made, now broken, the iron rod is also set into vibrations, which are 
communicated to our ear and there reproduce the sound. 

The vibrations of the iron rod correspond with those of the mem- 
brane ; but as the pitch of the tones is dependent upon the times of 
vibration of the sounding body, the lower tones escape our notice, 
while the higher ones are especially noticed. 

Up to the present the reproduction of the tones is indeed weak, 
and words cannot be reproduced. We leave here the question as 
to whether this hereafter will be successfully accomplished. 

Mr. Fritz, instrument maker, has just constructed a new instru- 
ment with some improvements, and Prof. Doettger will hereafter 
make experiments with it in the Physical Society, to which we shall 
at times call attention. 
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Pu. REIs. Lelephony hy MEANS of the electric current. (Annual e- 
port of the Physical Society of Frank fort-on-the- Main, 1S6U-—1, pp. 
57-64). 

By the name “ Telephone” the author designates the following 
apparatus of his own construction, by means of which and with the 
help of the galvanic current he is enabled “to reproduce at a dis- 
tance the tones (tonen) of different instruments, and even, to a cer- 
tain degree, the human voice.” | 

A wooden cube is bored through from one of the faces to the 
opposite one, the cavity taking the shape of a cone; the smaller 
opening is closed by means of a membrane (hog’s intestine, schweins- 
dunndarm). On the middle of the membrame, and parallel with it, 
is a thin strip of platinum, cemented fast at one end, whilst the 
other end is held by a binding-post (klemme) p ; from another bind- 
ing-post g, extends a similar thin strip of metal as far as over the 
centre of the membrane, and carries a little platinum wire directed 
towards the membrane at right angles to the strip and the surface 
of the membrane. From binding-post p a conductor leads through 
a battery to a distant coil, which again is connected by another 
wire to binding-post g. 

The coil at the distant station, is about six inches long, consists of 
about six layers of thin wire and encloses as a core a knitting needle 
which protrudes about two inches at each end. By these protrud- 
ing ends the coil is supported on two bridges of a sound board. 
If now tones or combinations of tones are produced in the vicinity 
of the large opening of the conical cavity, so that sufficiently strong 
waves enter it, these waves will set the membrane into vibrations ; 
by the outward motion of the menibrane the platimum strip cement- 
ed on it is pressed against the hammer-shaped wire ¢/, and the gal- 
vanic current (strom) is closed (geschlossen); by the inward motion 
of the membrane the current is reopened. The alternate magnetiz- 


ings and demagnetizings of the core of the coil resulting therefrom 
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‘Tt was not possible thus far to reproduce spoken tones (ton- 
} , ,* . } f ; 
“a + - , > ; | 
sprache des menschen) with a distinctness satistactory to all he 
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consonants are, for the most part, distinetls reproduced ; thie vowels 
not in the same degree.” The author attempts to « xplain this im- 
pe rfect reproduction of the vowels, by Sil ing that the apparatus re- : 
produces the vibrations to a certain extent indeed with proportion- 
ate, but also reduced strength, and the ear can no longer satistac- 
torily discern the relation of the proportionately great vibrations 
which determine the pitch (tonhohe) to the small \ ibrations on which 


vocal quality (vocal farbe) depends. 


MULLER'S-POUILLET S DESCRIPTION OF REIS, 


Description of Reis. 


t 
| No. 19. Defendants’ Exhibit. Muller’s-Pouillet's 


~ 


fy 
\ betnige thaes y buction ! tones | piss ter 
i 
7 Fiat ' tive } if i? ’ie Tr ae! et “= | Tis 
\\ il L cotta 1s | ti Ty SIL Ss 

\\ ? Ks .} ts i? : * @iy, ‘ rr} t #., 
! i sii =~ t} t ; t ! t | ir] { | it 

iLicodie / ~ Leng | ricot c'tirdicre at Ti rebyy i T rie’ Te 

taneously another tone, which depends on the sum of thi 
etic shocks (Stosse) which the iron atoms are subjected to, and 
has the same pitch as the tone offered by the breaking apparatus 


itself Cnterbrechungs apparat 

This tone, which arises by the side of the cheking noise, when 
the an iiriie th longitudinal tone of the rod Is suppressed 1yy the Mieah- 
ner in which it IS checked, Is the Ole Reis made use of in thi COon- 
struction of his telephone. 

big. $48 represents Reis’ breaking apparatus (Unterbrechunges 
appara , In the cover of the wooden hollow cube A a eireular 
Cope ning IS made, which Is closed 1y itll elastie Tike mbrane Schwelns- 
dunnadarim } hogs intestine stretched OVE! it. on the middle of 
this membrane a little platinum plate is cemented, which, through a 
very thin metallic strip 7 (more conspicuous in Fig. 349), 1s connected 
in circuit with screw a. On the middle of the platinum strip a short 
platinum point rests, which is fastened at g on the under side of the 
piece of metal plate / g 7, one end, /, of which rests upon little sup- 
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Fig. 350. 
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port 7; whilst a platinum point fastened atz on its under side plunges 
in a hole of little metalic support /, said hole containing a small 
amount of quicksilver. Screw 4 is in electric connection with me- 
talic support *# (leitende Verbindung). 

From one of the poles of the battery a conducting wire goes to 
screw a of the breaking apparatus (Underbrechunges apparat), Fig. 
348 ; from the other pole of the same a wire goes to screw d of the 
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reproducing apparatus, to be mentioned next Fig. 350. Screw c¢ Oty 


this apparatus is connected through a wire with 4 Fig. 348! 
Screws cand d@ are connected with the terminals of the small mag- 
netizing coil M Fig. 350. By the connection just mentioned the 
current of the battery passes through the coil. 

Now as soon as the sound waves of a sufficiently strong tone get 
into the mouthpiece of wooden cube A, the elastic membrane which 
closes the top opening of the same is thrown into vibration. Every 
entering wave of condensation raises the platinum strip as well as 
the little point resting thereon, but when the membrane oscillates 
inwards, the metalic plate / g 7, with the little point fastened on at 
1, cannot follow quick enough. There occurs then for every vibra- 
tion of the membrane a break of the current (unterbrechung des 
stromes), which shows itself in a spark occurring at the point of 
breaking (unterbrechungestelle). Through the coil M runs a knitting 
needle, which, as the figure shows, is fastened on a sounding board. 
A cover provided with a second sounding board can be turned over 
the coil, and in this way the tone can be much increased. 

Now, if tones are produced before mouth piece s by singing into 
it or playing organ-pipes, one hears at the reproducing apparatus, 
placed as far as convenient at first, a peculiar crackling noise, which 
is independent of the pitch of the tones produced at the breaking 
apparatus, but, hesides these. tones themselves a7e distinctly and audibly 
reproduced by the steel wire ; and Reis found this to be true indeed 
for all tones between F and _f7- 

In the experiments of Reis the breaking apparatus was 300 feet 
distant from the coil; in fact it was placed in another house with 
closed doors. But as the length of the conductors can be extended 
just as far as indirect telegraphy, Reis gave to his apparatus the 
name ‘‘ telephone” (Jahres Lericht des Physicalischen Vereigns Zu 
hrankfurt-a-M, fiir 1860, 1867). 
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Two decades ago the problem of giving signs, by means of 
electricity, from distances had not yet been entirely solved. Since 
then telegraphy has reached such a perfection and telegraph wires 
have so greatly spread that even the keenest desires have not much 
left to ask for. 

Now there appears a first earnest trial to reproduce tones at any 
desired distance by means of electricity. 

This first trial, which has been crowned with success, has been 
repeated in the lecture room of the Physical Society of Frankfort- 
on-the-Main, before numerous assembled members, on the 26th of 
October, 1861, by Mr. Ph. Reis, teacher of natural sciences at Frie- 
drichsdorf, near Frankfort. Into one part of his apparatus, located 
in a building about three hundred feet distant, and having all the 
doors and windows closed,’ melodies were sung, but not very loudly. 
The same could be heard by the members in the lecture room 
through the second part of the apparatus. 

These wonderful results were attained with the following very sim- 
ple apparatus: a small, ight box, a kind of hollow wooden cube, has a 
larger opening in the front and a smaller one on the opposite side. 
The latter is covered with a very fine membrane (sausage skin), and 
the same is tightly stretched ; a small, flexible piece or strip of 
platina, fastened to the wood of the box, touches the membrane at 
its centre, and a second strip of platina is fastened. by one end to 
the wood at a different place, and has at its other end a fine horizon- 
tal point touching the other strip of platina, where it lies on the 
membrane. 

As is known, tones are produced by the rapid succession of con- 
densations and rarefactions of the air. If the vibrations of the air, 
called waves, strike the thin membrane, they push the same against 
the strip of platina that touches it, and then allow it to immediately 
vibrate back into the hollow cube (called the artificial ear), and so 
cause the membrane to assume forms alternately bent towards the 
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cube and from the same. The strip of platina lying against the 
membrane is thus set into aswinging motion, so that itis alternately 
pressed on to the platinum point of the second strip and then re- 
leaves the same. 

If one of the strips is connected by a wire to one of the poles of 
a voltaic battery, and the electricity is conducted to any desired 
distance by a wire connected to the other pole and is then carried 
through a helix six inches in length, wound with six layers of thin 
silk-covered copper wire and from there is carried back to the 
second strip of platina on the wooden cube by means of an insul- 
ated wire, then, at every vibration of the membrane, an interruption 
of the current of electricity (Unterbrechungen der Stromuneder 
Electricitat) will be caused, as the point on the one strip of platina 
no longer touches the other strip. Through the hollow of the 
spiral a thin iron wire (a thick knitting needle), about ten inches in 
length is passed, so that it projects out of each end of the spiral 
about two inches, and these projecting ends each rest on a bridge 
of a sounding board. | 

It is known that if an electric current is passed through a helix 
that surrounds an iron. wire, at every interruption a tone produced 
by the vibrations of the iron wire, is audible. [f the makings and 
breakines of the current (Unterbrechungen des Stromes) follow each 
other rather slowly, the different positions (in regard to the length 
of the bar), which the molecules will be caused to assume by the 
electricity will produce a tone, its so-called proper longitudinal 
tone which depends on the length and thickness of the bar or wire. 

If the interruptions and re-connections of the current (Unter- 
brechungen des Electrischen Stromes) 1h the spiral take place faster 
than the vibrations of the smallest parts of the wire, which in turn 
depends upon the elasticity of the wire, they cannot complete their 
course, receive new shocks, the vibrations ret to be smaller but 
more rapid, and as numerous as the interruptions follow each other. 
The piece of wire no longer gives its longitudinal tone, but a tone 
which, according to the number of interruptions in a certain time, is 
higher if they are more frequent and lower if they are less frequent. 
[It is known that the pitch of a tone depends on the number of air 
waves that follow each other in one second. We have seen that 
the number of interruptions of the electric current (Unterbrechun- 
sen des electrishen Stromes) by the membrane and the strips of 


= 


platina is dependent upon this. 


Consequently the iron wire must give a tone of the same pitch 


DEFENDANTS EXHIBITS. 


as the sound which was received by the membrane. As electricity 
is hardlv impaired when conducted a great distance, if the proper 
apparatus is used, it is evident that a tone acting on a membrane in 
one place can be made audible at any desired distance by the iron 
wire. | 

That the tone is made audible only by electric vibrations, and 
not by direct transmission of the air waves through the wires can be 
most strikingly proved by noticing the fact that no tone is heard at 
the spiral if a good short circuit be established ; 7.e., if, for instance, 
a small strip of metal is laid across the two wires, directly in front 
of the spiral, the reproduced tones are weaker than the originals, 
but the number of vibrations is the same. It 1s easy to reproduce 
the tones in the proper pitch as the vibrations are smaller which is 
the cause of the weakness of the tone, it is much more difficult, 
however, for our ear, to estimate the difference in the size of the 
vibrations. 

The character of a tone depends upon the number of swellings it 
has, 7. ¢., with tones of the same depth, consequently of the same 
number of waves per second, such as having the fourth, sixth, eighth, 
tenth, or sixteenth waves stronger than the rest. 

The physicists have shown that if a spring is vibrated by the 
teeth of a cog-wheel, the first vibration is the greatest, and every 
following one is smaller. If, however, before the spring comes to 
rest, another tooth strikes it, then the next vibration will be equal 
to the first strongest one, bunt the vibrations of the spring will not 
be any more numerous than before. Vowel tones can be artificially 
produced in this way. 

Although we may be far from being able to converse with a 
friend a hundred miles away and recognize his voice, as though he 
was sitting along side of us, the impossibility of attaining this result 
can no more be claimed. 

The probability that this result will be attained is almost as 
great as, by the wonderful experiments of Niepce, the reproduction 
of natural colors by photography. 
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(No 21.) Defendants’ Exhibit, Dr. Clemens’ Publi? 
cation. Clemens’ Suggestions. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 8.] 


Deutsches Klinik, No. 48, Nov. 28, 1863, pp. 468-9. 


This most wonderful phenomenon of the transmission of sound 
in the electrified wire I have observed once before, about ten years 
ago, in the following manner: A strong induction coil was set in 
motion with one cell of battery, and the current conducted above 
sround through a copper wire several hundred feet long from my 
stuly to a distant garden house. As soon as the wire thus ex- 
tended was attached at the farther place to a strong coil, one 
could hear in that farther coil, quite distinctly, the running of the 
machine and likewise perceive at the second coil any tone which 
was able in any way to set up strong (bedentenden) vibrations. 
Shouting into a fuunel, blows on a metallic plate, etc., 1f directed 
towards the induction coil, were heard distinctly in the farther 
coil like the tones of an Molian harp. Herein lies more than a 
wonderful fact in keeping for the future. 
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: “ Deutsche Industrie Zeitung,” 1863, Chemnitz. No. 9, April 17, 
1S65, No. 16, page ISS . 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 8. | 


" Industrial (Jueries for Exciting Interest and Eeheiting Pesponses.” 


“Of late there has been talk in newspapers about producing 
definite tones at a distance, similarly to telegraphic dispatches, 
such for instance as conducting the acoustic effects of an imstru- 
ment far beyond the reach of the audibility of its sound. Do 
these communications rest upon actual facts?” 

¢ No. 10, May Ist, 1863, No. 18, page 208. 


“ ANSWERS. Answer to question in No. 16, page 184. Trans- 
mission of tones by electricity. According to the ‘ Bottgers Notiz- 
blatt, 1865, No. 6, ‘Successful experiments in Telephony’ were 
made in October, 1861, at Frankfort-a-M, by Prot. Ph. Reis, 
so that it seems not impossible to carry on conversations at 
} miles distance, and even to convey the voice itself with its 
I peculiar undulations, and also the tones of a musical instrument. 
Heretofore the voice could be reproduced from one house to 
another only for a distance of three hundred feet by means of a 
peculiar and ingenious apparatus. The arrangement of the same 
was essentially as follows: The waves of sound were taken up 
by an elastic surface and transmitted to a light commutator 
introduced into the circuit of a galvanic battery (einer federnden 
commutatur eingeschaltet in den Leitungsdraht). At the other end 
of the lines introduced, a coil of copper wise, inside of which 
was an iron wire resting upon a sounding-board, that was thrown 
into sonorous vibrations by the changes of current depending 
upon the waves of sound.” | 

No. 11, May 29, 1863, No. 22, page 249. 


“© The reproduction of tones hy électro-galwanic means (with a 
drawing, which is the sume as the drawing of the apparatus in the 


Legat Article No. S, pp. DIG Mb Supra). 
“ Although this subject has already been discussed by us (No. 18, 


®) 
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page 208), on account of the great interest it offers, we shall vule 


to it more in detail. We enclose a drawing of an apparatus used by 
Mr. Ph. Reis in Frankfort-a-M, taken from the Zeitschrift 
des Deutch-Oester eichschen Telegraphen Vereins, 1862, folios 6, 7 
and 8. We take the liberty of following the lead of the above 
mentioned source in entering into a short discussion of the nature 
of tones. 

“The undulations of the air that excite in us, by operating 
upon the ear, the sensation of sound, by setting the drum of the 
ear into vibration are transmitted, as is well known, by a series 
of levers of admirable delicacy, that is, by the small bones of the 
ear (hammer, anvil and stirrup), to the inner portion of the ear 
and to the nerves that lie at that point. The attempt to reproduce 
tones depends upon the following: To set in motion an artificial 
imitation of this series of levers by the vibration of a membrane 
which takes the place of the drum and to make use of them to 
open and close a galvanic circuit which is connected by a metallic 
conductor with a remote station. 

“If we take into consideration the phenomena which takes place 
when we perceive a sound by the sense of hearing, we find that 
every tone is the result of rarefactions and condensations of the air 
repeated several times in a certain period. At every condensation 
the membrane of the drum is pressed inwards, and at every rarefac- 


tion outwards. These vibrations produce a simultaneous motion of 


the small bones of the ear, and a consequent transmission to the 
nerves of the ear. The greater the compression of the sound-con- 


ducting medium at any particular moment, the greater is also the 


amplitude of vibration of the membrane and small bones of the ear, 
and vice versa. The object, therefore, of the organs of hearing is to 
transmit with certainty the rarefactions and condensations of the 
sound-conducting medium to the nerves of hearing. On the other 
hand, it remains their object to bring to our perception the vibra- 
tions occurring in a given time with reference to number, as well as 
to amplitude. It is only in our perceptions that a given combina- 
tion receives a definite name, that vibrations become sounds. 
“Anything other than the effect of such single vibrations, the 
organs of hearing are unable to take up, and these organs them- 
selves are competent to perceive single tones as well as combinations 
of tones, for if several tones are produced at the same time the 
sound-conducting medium is under the influence of several simul- 
taneous forces, which, according to the laws of mechanics, can be 
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replaced by a force which produces the same effect as all the single 
ones together. If all the forces operate in the same direction, the 
magnitude of the motion is proportional to the sum. If they oper- 
ate in opposite directions, the magnitude of the motion is propor- 
tional to the difference of the opposite forces. In that way several 
simultaneous tones operate upon our hearing, simply by a definite 
alternation of rarefactions and condensations of the sound-conducting 
medium. As in the case of single tones, the tone itself depends ap- 
parently only upon the number of vibrations and the power upon 
the amplitude of the vibrations (perhaps also the strength). 

‘Now, as regards the apparatus, the upper figure is the trans- 
mitter and the lower one the receiver, or reproducer. 

“The transmitter consists of a metallic conical pipe, a), about fif- 
teen centimetres in length, ten in diameter at @ and four in diame- 
ter at b. At 4 the opening is closed by a membrane, 0, of collodion, 
stretched tight. Upon the center of the same rests the end c of 
lever cd, whose fulcrum is placed at e on a support. The lever is to 
be made as light as possible, and its arm ¢ longer than its arm d, so 
that the smallest motion at ¢ will operate at d with the greatest 
amount of force. In the condition of rest the contact (dg is closed, 
and a weak spring, 7, holds the lever fast in this position of rest. 
Besides, there is attached to the apparatus a metallic standard, 7, 
connected with one pole of the battery, while the other pole is led to 
the ground through e. On the standard 7 is secured the spring, /, 
opposite the contact point d of lever cd at d, the position of which 
(spring) can be regulated by a screw, A. 

“The receiver consists of an electro-magnet, m m, resting upona 
sounding-board, R, and whose coils are in connection with a metal- 
lie conductor, and with the earth at E. Opposite the electro-mag- 
net is an armature, connected with the lever, as long as possible, 
but light and broad. This lever is fastened to the support / after 
the manner of a pendulum, and its motions are regulated by a screw, 
b, and a spring, g. 

“To increase the efficiency of the apparatus, the receiver and re- 
producer can be set up in one focus of an elliptical concavity of 
proper size, while the listening ear of the hearer is placed in the 
other focus. 

“The operation of the apparatus is now as follows: The tones 
of the voice or of an instrument are conducted into the conical pipe 
ab. By reason of their vibration the membrane is set into similar 
vibration, and in this way operates the opening and closing of the 
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OI 
electric uniinuiton: In consequence of this the magnet in aba nd r 
ceiver will be magnetized and demagnetized corresponding to the 
vibration of the tones, and the armature of the lever 71s set in vibra- 
tions corresponding to those of membrane o. The wide surface of 
lever 2 transmits these vibrations to the air, and by this means they 
reach the ear of the hearer. In this transmission of tones, the only 
question is one of transmission of vibrations, a problem that mag- 
neto-electric telegraphy is certainly sufficiently far advanced to deal 
with. 

“A friendly communication was sent us some time ago by Mr. 
J. F. Quilling, of Frankfort-a-M., according to which the capacity of 
the apparatus to transmit tones to a considerable distance clearly 
and with their characteristic timbre (Klangfarbe), is fully estab- 
lished. Mr. Q. writes us that by means of the telegraphic conduc- 
tor with which the apparatus of Mr. Ph. Reis was connected, two 
remote parts of the city were united, and although it was not possi- 
ble with the present construction of the apparatus to transmit 
spoken words (gesprochenen worte), they succeeded so well with the 
tones that were sung that not only were the melodies of songs re- 
produced distinctly and perfectly at a tolerably remote station, but 
known voices could be recognized. 

“ All present capable of judging, Mr. Q. adds, who availed them- 
selves of the opportunity of witnessing the experiment, agreed that 
the possibility is before us of making oneself understood verbally at 
any distance in the way shown by Mr. Reis.” 


84 DEFENDANTS EXHIBITS. 


(No, 23.) Defendants’ Exhibit, Gartenlaube Reis Im- 
proved Apparatus. 
(The “ Gartenlaube,’ No. 51, December, 1863.) — 
J. A. W., Sp. Ex’r. 


(Introduced in Record, p. 8. | 


THE MusicaL ‘TELEGRAPH. 

The surprising results in telegraphing have often excited the 
question whether it may not be possible to communicate the lan- 
cuage of sound itself to a distance. The trials made in this direc- 
tion had till now produced no satisfactory results, because the vibra- 
tions of sound-conducting bodies soon diminish so much in force 
that they are no more perceptible for our senses. 

People, perhaps, had already thought of a reproduction of sound 
at certain distances with the aid of the electric current, but those 
who have been the best fitted to attack the question, by their know!]- 
edge and resources, were the ones who doubted the most of a prac- 
tical solution of that question. Those who are but superficially ac- 
quainted with natural science do not see the many difficulties this 
problem offers, if they are at all acquainted with it. Thus, about 
eleven years ago, a young man, Mr. Philip Reis, at present teacher 
of natural sciences at the Garnier Institute for Boys at Friedrichs- 
dorf, near Homburg, had the hardihood to work at the solution of 
this problem. But soon he was obliged to desist from it because his 
very first effort seemed to convince him of the impossibility of a so- 
lution. Later, however, after further studies and many experiments, 
he saw that his first effort was but a rudimentary one, and by no 
means convincing. However, he did not reeommence to attack the 
question seriously for some time, not feeling himself strong enough 
to vanquish the obstacles on his road, although he never banished 
his early idea entirely from his thoughts. 

How can a single instrument reproduce simultaneously ‘“ the 
combined effects of all the organs active in human speech?” This 
seemed to him the chief question. Later he put his question more 
methodically : “‘ How does our ear perceive the composite vibrations 
of all the organs of speech acting at the same time?” or, expressed 
more generally, “ How do we perceive the vibrations of several bod- 
ies sounding simultaneously ?” If we throw a stone into quiet water 
there are produced on the surface uniform waves which progress 
symmetrically outward ; the further they go the weaker they become, 
till they finally disappear. 
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It is quite similar with that what we callsound and tone. A ogy! \ 
made to vibrate through any impulse affects the surrounding air, 
and -auses waves in it, which follow each other at the same rate as 
the vibrations of the body. As those rings on the water consist in 
swellings and depressions, so also the vibrations of the air consist of 
alternate condensations and rarefactions. If they reach our ear ey- 
ery condensation presses the tympanum towards the interior of the 
cavity, and puts in motion the adjacent group of small bones which 
communicates the motion to the liquid of the cochlea, in which the 
auditory nerves terminate. The latter are excited and produce the 
sensation of sound, 

Now, if the waves of vibration follow regularly and with a cer- 
tain swiftness (sixteen in the second at least), we shall have the sen- 
sation of a musical tone. The latter is the A/gher the quicker the con- 
densations follow each other, and the louder the stronger or higher 
the waves rise, as it were. 

Our ear cannot perceive anything except condensations and rar- 
efactions, wave crests and wave hollows. And, nevertheless, we re- 
ceive the most varied auditory impressions, we distinguish the sound 
of the voices, we hear at the same time in quite different directions 
and can distinguish the different sources—nay, in a complete large 
orchestra, each of the numerous instruments is specially noticed by 
its peculiar sound, so that we decompose at every moment the total 
ithpressions into its several parts, according to the height and 
depth, strength and weakness, or according to the timbre (or qual- 
ity) Klangfarbel. 

Referring to our simile, this is about the same as if we throw 
two or more stones at different places into a calm pond. The wave 
lines cross each other, strengthen each other at some points, weaken 
each other at others, and the surface has a ruffled, hillocked aspect. 
But, nevertheless, our eye can detect the different systems of rings 
and can trace them back to their several causes. Jf we succeed in 
transmitting with the galvanic current the oscillations of a sounding , 
body to a distance, so that there another body is put to equally 
rapid and, in respect to each other, equally strong oscillations, the 
problem of “telephoning” is solved. 

For then exactly the same phenomena of waves are called forth 
on the distant points as the ear receives at the place of origin ; there- 
fore they also must make the same impression. The ear will dis- 
tinguish at the distant points not only the single tones, according 
to their varying height and depth, but also to the proportionate 
force of the vibrations, and not only single melodies, but the per- 
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formance of a whole orchestra ; yes, even speech must be heard 
the same time, in places very distant from each other. Mr. Reis 
was the first one-to prove by experiments the possibility of solving 
this problem. He has succeeded in constructing an apparatus to 
which he gives the name Zelephone, and which enables one to re- 
produce tones, with the aid of electricity, at any given distance 
Already, in October, 1861, he made rather successful experiments 
with a very simple, rudely-made apparatus, before a numerous 
audience at Frapkfort. On July 4th of the present year, he pre- 
sented an essentially improved apparatus at an asse saliby of the 
“ Physical Union,” which transmitted, by closed doors and windows, 
a melody sung moderately loud, to a distance of about three hun- 
dred feet, so that it could be heard plainly. 

In order to give an opportunity to larger circles, especially to 
scientific men, to convince themselves of the efficiency of this essen- 


tially improved apparatus, Prof. Bottger, of Frankfort-a-M., made 


lately (at an assembly of German physicists and doctors in Stettin, 
in the sectional meetings for natural sciences) several experiments 
which certainly would have been crowned with still more success if 
the hall in which the session was held had been located in a less 
noisy part of the city and filled with a less numerous audience. 

Although, for the present, we are not so far along as to be able to 
converse with a friend at a distance of several hundred miles, so 
much at least is certain, that with the aid of the telephone, songs 
of all kinds, melodies, especially in the middle registers, can be re- 
produced most clearly at unlimited distances. These wonderful re- 
sults are obtained with the following simple apparatus, which we 
show here in one-fourth of its size: 
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A small box, A (the telephone proper), a kind of hollowe] rb ( 
has a mouthpiece, S,on the front side, and a somewhat smaller 
opening on the upper side of the box. The latter is closed with a 
fine membrane (skin from the intestines of a hog), tightly stretched. 
A narrow strip of platina, 7, connected with the screw post, d, 
touches directly the membrane on its centre; a slender platina 
point, 4’, attached to the angle, « 6, touches the strip of platina 
which rests on the membrane. If one sings into the mouthpiece, S 
(by filling the same entirely with the mouth), the thin membrane 
vibrates and the attached platina strip receives likewise a vibrating 
motion, so that itis alternately pressed against and leaves the platina 
point, #. 

From the binding post, d, which communicates with the platina 
strip resting on the membrane, a conducting wire is connected with 
one of the poles of a galvanic battery, B (about three to four six- 
inch Bunsen elements), and then the electricity is led through a wire 
attached to the second pole of the battery to the distant station, C ; 
there, at 7, it passes through a coil, / /, formed of copper wire cov- 
ered with silk thread, then back again to screw 7, and there to the 
platina point, &. At every vibration of the membrane an interrup- 
tion of the electric current (unterbrechung des electrischen Stromes) 
takes place by the platina point parting from the platina strip. 

Within the wire coil at station, C, is a thin iron wire (a strong 
knitting needle), which is about ten inches long, and which, with its 
two ends projecting out of the coil for about two inches, each rests 
on two bridges of a sounding box. This is the reproducing ap- 
paratus. 

At every interruption of the current (Unterbrechung des Stromes) 
in the coil the iron rod is made to vibrate. If the motions follow 
with a certain rapidity, they produce a tone which is rendered 
audible by the sounding box. As the rate of the interruptions de- 
pends on the pitch of the tone that has been sung into the mouth- 


‘piece, the same tone is sounded with the same pitch from the sound- 


ing box. The length of the circuit has no influence upon this. It 
is true the electric current loses force the farther it goes, but there 
is no reason why relays should not be employed, the same as in tel- 
egraphing, and with their aid any number of reproducing ap- 
paratuses be set into simultaneous vibrations. Mr. Reis has en- 
deavored to give to: his improved apparatus a form which shouid 
also be pleasing to the eye, so that it might fill worthily its place in 
any physical laboratory. He has applied, moreover, to the side of 
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abe telephone, as well as to the reproducing apparatus, a small tel- 


egraph arrangement, which is a very good addition for convenient 
experimenting. (It is indicated in the drawing by the letters 
efhg.) By alternately opening and closing the circuit with the 
key, e or h, the most varied signals may be given after mutual agree- 
ment ; for instance, if one is ready for singing; if everything has 
been understood, whether one should stop singing or commence 
anew, etc. | 

Mr. Reis himself manufactures the principal parts of the tel- 
ephone, for which no small amount of physical knowledge and ex- 
perience is necessary. The mechanician, Wilhelm Albert, at Frank- 
fort, is charged with manufacturing the less important parts and the 
external outfit, as well as with the sale of the instrument at a low 


price. 
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(No. 24.) Defendants’ Exhibit, Polytechnisches Cen- 
3 tralblatt, 1863, pp. 857-9. 


This is a reprint of Bottger’s article, No. 20, supra. 
J. A. W., Sp. Ex’r. 


[Introduced in Record, page 8.] 
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(No. 25.) Defendants’ Exhibit, Reis’s Letter to Ladd. 


Journal of the Society of Telegraph Engineers and of Klectricians, 
for March, 1883, No. 46. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, page 8. | 


Rets’s 'TELEPHONE. 

The following is a copy of an autograph description of Reis’s 
telephone, which has been presented to the library by Mr. Wm. 
Ladd, member : 

(Copy.) 
INSTITUT GARNIER, ? 
F'RIEDRICHSDORF. $ 

DEAR Str—I am very sorry not to have been in Frankfort when 
you were there at Mr. Albert’s, by whom I have been informed that 
you have purchased one of my newly-invented instruments (tele- 
phone), though I will do all in my power to give you the most ample 
explanations on the subject. Iam sure that personal communica- 
tions would have been preferable, specially as I was told that you 
will show the apparatus at your next scientifical meeting, and thus 
introduce the apparatus in your country. 

Tunes and sounds of any kind are only brought to our concep- 
tion by the condensations and rarefactions of air or any other me- 
dium in which we may find ourselves. By every condensation the 
tympanum of our ear is pressed inwards, by every rarefaction it is 
pressed outward, and thus the tympanum performs oscillations like 
a pendulum. The smaller or greater number of the oscillations 
made in a second given us, by help of the small bones in our ear 
and the auditory nerve, the idea of a higher or lower tune. 

It was no hard labor, either to imagine that any other membrane 
besides that of our ear could be brought to make similar oscilla- 
tions, if spanned in a proper manner, and if taken in good propor- 
tions, or to make use of these oscillations for the interruption of a 
galvanic current. However, these were the principles which guided 
me in my invention; they were sufficient to induce me to try the 
reproduction of tunes at any distance. It would be long to relate 
all the fruitless attempts I made, until I found out the proportions 
of the instrument and the necessary tension of the membrane. The 
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apparatus you have bought is now what may be found most simyle,), f f ( 
and works without failing when arranged carefully in the following | 
manner : 

The apparatus consists of two separated parts, one for the sing- 
ing station A, and the other for the hearing station B. 


Reis’s Telephonic Apparatus—Fac-simile of Drawing sent by Reis to Mr. Ladd. 


The apparatus Ais a square box of weod, the cover of which 
‘ shows the membrane ¢c, on the outside, under glass. In the middle 
of the latter is fixed a small platina plate to which a flattened cop- 
per wire is soldered, on purpose to conduct the galvanic current. 
Within the circle you will further remark two screws; one of them 
is terminated by a little pit in which you put a little drop of quick- 
silver; the other is pointed. The angle which you will find 
lying on the membrane is to be placed according to the letters, with 
the little hole @ on the point a, the little platina foot 4 into the 
quicksilver screw, the other platina foot will then come on the 
platina plate in the middle of the membrane. 

The galvanic current coming from the battery (which I compose 
venerally of three or four good elements) is introduced at the con- 
ducting screw near }, wherefrom it proceeds to the quicksilver, the 
movable angle, the platina plate and the complementary telegraph 
to the conducting screw s. From here it goes through the conduc- 
tor to the other station B, and from there returns to the battery. 
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The apparatus B, a sonorous box, on the cover of which is fixed 
the wire spiral with the steel axis, which will be magnetic when the 
current goes through the spiral. A second little box is fixed on the 
first one, and laid down on the steel axis to increase the intensity of 
the reproduced sounds. On the small side of the lower box you will 
find the corresponding part of the complementary telegraph. | 

If a person sing at the station A in the tube 7, the vibrations of 
air will pass into the box and move the membrane above, thereby 
the platina foot ¢ of the movable angle will be lifted up, and thus 
will open the stream at every condensation of air in the. box. The 
stream will be re-established at every rarefaction. In this manner 
the steel axis at station B will be magnetic once for every full vibra- 
tion, and,as magnetism never enters nor leaves a metal without dis- 
turbing the equilibrium of the atoms, the steel axis at Station B 
must repeat the vibrations at station A, and then reproduce the 
sounds which caused them. Any sound will be reproduced if strong 
enough to set the membrane in motion. 

The little telegraph which you find on the side of the apparatus 
is very useful and agreeable for to give signals between both of the 
correspondents. At every opening of the stream, and next follow- 
ing shutting, the station A will hear a little clap, produced by the 
attraction of the steel spring. Another little clap will be heard at 
station B in the wire spiral. By multiplying the claps, and produc- 
ing them in different measures, you will be able as well as I am to 
vet understood by your correspondent. 

I am to end, sir, and I hope that what I said will be sufficient to 
have a first try ; afterwards you will get on quite alone. I am, sir, 

Your most obedient servant, 


Pu. REIs. 
F'RIEDRICHSDORF, 13—7-63. 


To Mr. Wimur1Am Lapp. 
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Ay | 
(No. 26.) Defendants’ Exhibit, ‘Tagesblatt der and ! 
Versamlung Deutsche Naturforscher,” Giessen, 
September, 1884: From Prof. Sylvanus F. 
Thompson’s Book on Philipp Reis, p. 94. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 8.] 


EXTRACT FROM THE REPORT OF THE GERMAN NATURALISTS’ SO- 
CIETY, HELD AT GIESSEN (1864). 


‘ Afternoon sitting on 21st September, 1864. 

“ Prof. Buff speaks about the tones of iron and steel rods when 
magnetized, and exhibits the corresponding experiments. 

“Dr. Reis demonstrates his telephone, gives thereupon an ex- 
planation and the history of this instrument. 

“Prof. Poggendorff produces tones in a metal cylinder, the slit 
up edges of which touch one another firmly, and which is placed 
loosely round an induction-bobbin, through which there goes an in- 
terrupted current.” 


Defendants’ Exhibit No. 27. 


[See Defendants’ Exhibit No. 74, introduced p. 76, Defendants’ 
Case. | 
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The apparatus B, a sonorous box, on the cover of which is fixed 
the wire spiral with the steel axis, which will be magnetic when the 
current goes through the spiral. A second little box is fixed on the 
first one, and laid down on the steel axis to increase the intensity of 
the reproduced sounds. On the small side of the lower box you will 
find the corresponding part of the complementary telegraph. 

If a person sing at the station A in the tube x, the vibrations of 
air will pass into the box and move the membrane above, thereby 
the platina foot c of the movable angle will be lifted up, and thus 
will open the stream at every condensation of air in the.box. The 
stream will be re-established at every rarefaction. In this manner 
the steel axis at station B will be magnetic once for every full vibra- 
tion, and,as magnetism never enters nor leaves a metal without dis- 
turbing the equilibrium of the atoms, the steel axis at Station B 
must repeat the vibrations at station A, and then reproduce the 
sounds which caused them. Any sound will be reproduced if strong 
enough to set the membrane in motion. 

The little telegraph which you find on the side of the apparatus 
is very useful and agreeable for to give signals between both of the 
correspondents. At every opening of the stream, and next follow- 
ing shutting, the station A will hear a little clap, produced by the 
attraction of the steel spring. Another little clap will be heard at 
station B in the wire spiral. By multiplying the claps, and produc- 
ing them in different measures, you will be able as well as I am to 
‘+t understood by your correspondent. 

I am to end, sir, and I hope that what I said will be sufficient to 
have a first try ; afterwards you will get on quite alone. I am, sir, 

Your most obedient servant, 


Pu. REIs., 


(y 
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F'RIEDRICHSDORF, 13—7-63. 


To Mr. Wriur1am Lapp, 
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A) 
(No. 26.) Defendants’ Exhibit, ** Tagesblatt der oa 
Versamlung Deutsche Naturforscher,” Giessen, 
September, 1884: From Prof. Sylvanus F. 
Thompson’s Book on Philipp Reis, p. 94. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 8.] 


EXTRACT FROM THE REPORT OF THE GERMAN NATURALISTS’ SO- 
CIETY, HELD ‘AT GIESSEN (1864). 


“ Afternoon sitting on 21st September, 1864. 

“ Prof. Buff speaks about the tones of iron and steel rods when 
magnetized, and exhibits the corresponding experiments. 

“Dr. Reis demonstrates his telephone, gives thereupon an ex- 
planation and the history of this instrument. 

“Prof. Poggendorff produces tones in a metal cylinder, the slit 
up edges of which touch one another firmly, and which is placed 
loosely round an induction-bobbin, through which there goes an in- 
terrupted current.” : 


Defendants’ Exhibit No. 27. 


[See Defendants’ Exhibit No. 74, introduced p. 76, Defendants’ 
Case. | 
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(No. 28:) Defendants’ Exhibit, Kuhn’s description 
of Reis. 


Handbuch der Angewandten Elekricitatsslehre von Karl Kuhn, 
1865, pp. 1017-1021. 


J. A. W., Sp. Ex’r. 


‘Introduced in Record, p. 8. ] 


The experiments made by Reis in Frankfort-a-M., on the 26th 
October, 1861, have proved, however, that when the breaks of the 
current (stromunterbrechungen) follow each other almost continu- 
ously and very quickly in a coil provided with athin iron core, the 
iron wire can enter into longitudinal vibrations, and in this way be 
enabled to reproduce sounds of different pitch. An exact repro- 
duction of the sounds does not take place, however, but only animi- 
tation; for this reason it cannot be questioned here of transverse 
vibrations (transversal schwingungen). A phenomenon (erschei- 
nung) has otherwise been heard of, which belongs to the aforemen- 
tioned class, in which the intensity and the timbre (klang) of the 
sound accompanying it (the phenomenon) depend among other 
things on the strength of the current (strom starke) and on the 
number of breaks of the same, and in which, as it seems, the pitch 
of the tones also can vary under different circumstances. We can, 
however, hardly imagine by what arrangements it would be feasible 
to coax tones of any given height or depth out of an iron or metal 
tube split on one side, while it (the tube) is affected by the alternate 
currents of an induction apparatus .the coil (rolle) of which sur- 
rounds it. Yet the possibility cannot be controverted that the 
principle of Neef’s circuit breaker (unterbrecher) might contribute 


to the solution of the problem in question. It has been employed 
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for local purposes either with or without modifications in the study 
and investigation of acoustic phenomena. Thus Petrina has used 
the principle of Neet’s circuit breaker (unterbrecher) for his electric 
harmonica in this way, that instead of the Neef hammer a little rod 
was chosen, the transverse vibrations of which rendered the tone 
“there are four little rods of various length, side bv side, the mo- 
tions which are checked by means of levers managed by finger 
keys.” That principle was used previously by Dove in a modified 
manner, to set strained strings and elastic springs into acoustic vi- 
brations of constant amplitude by means of an electric magnet, and, 
in this way, to be enabled to investigate constant tones. It ap- 
pears from Legat’s published communications that “the ideas sub- 
mitted by Ph. Reis of Friedrichsdorf in the Physical Society and in 
the meetings of the German Hochstift in Frankfort-a-M., about the 
reproduction of sounds by means of electricity,” referred to arrange- 
ments of a similar kind. Legat mentions in his paper all that has 
been done thus far towards the realization of that project, and we 
borrow from it that part only which throws some light on the con- 
struction of a telegraphic apparatus with which it is said to be pos- 
sible to produce vibrations and make sounds in any desired manner 
and through which the employment of electricity is said to make it 
feasible to bring forth at any given distance vibrations similar to 
the first produced ones, and in: this way to reproduce at a certain 
place tones originally produced at another place. 

This apparatus is composed of a transmitter and of a receiver. 
The transmitter (Fig. 504, p. 1016) consists in a conical tube «a 4, 
about 15 em. long, 10 cm. at the front, 4 cm. at the back opening ; 
the choice of the material, as well as a greater length, 1s indifferent ; 
aw greater width, on the contrary, is disadvantageous ; the surface of 
the interior must be as smooth as possible. The narrower back 
opening is closed by a membrane of. colodion, 0, and on the middle 
of the circular surface formed by this membrane rests one end, ¢, of 
lever ¢ d, the fulerum of whichis held by a support and remains 
connected with the metallic circuit. This lever, one arm, ¢e, of 
which must be considerably longer than ed, should be as lght as 
possible so as to follow easily the motions of the membrane, as an 


Pe | 
f on 
el 
; 


DEFENDANTS: EXHIBITS. 


\ fro. £4. 


ee 


| 
/ 


Aiea 


TAGESBLATT DER 39 VERSAMLUNG DEUTSCHE NATURFORSCHER. Q7 


uncertain obedience (folgen) on part of lever ¢ d would produce im- 


perfect tones at the receiving station. In the state of rest the con- 
tact ¢d gis shut and a weak spring x holds the lever fast at rest. On 


the metalhe support 7, which is connected with one of the poles of 


the battery, is a spring g with a contact which touches the contact 
of lever ¢ d at ¢ and the position of which is regulated by screw 4 ; 
over tube a@é a disk must be placed which encircles the outer cir- 
cumference of the tube closely, so that the efficacy of the apparatus 
may not be impaired through the effect of the air waves coming 
round and striking against the rear end. This disk at right angles 
with longitudinal axis of the tube measures about 50 (?) em. in 
diameter. The receiver (Fig. 505) consists of an electro-magnet 
mm, Which rests on a sounding board and the coil of which is in 
connection with the metallic conductors and with the ground. 
Opposite the electro-magnet 1s an armature connected with a lever 
as long as possible, but light and broad, which latter with the 
armature 1s fastened pendulum like on the support 4. Its motions 
are regulated through screw / or spring o. “In order to increase 
the efficacy of the apparatus, this receiver can be placed.in one 
focus of an elipsoidal enclosing box of suitable size, while the ear of 
the hearer is placed at the other focus.” The working of the two 
apparatus (the mode of connection of which is visible in woodcuts), 
the transmitter being placed at one station and the receiver at the 
other, is as follows: By speaking, singing, or the intromission of 
instrumental sounds into tube a 6, in consequence of the condensa- 
tion and rarefaction of the column of air, a motion of the membrane 
c corresponding to these changes is brought about. Lever ¢ / fol- 
lows the motion of the membrane, and opens or closes the circuit 
according as a condensation or a rarefaction of the air inside takes 
place. As a consequence the electro-magnet mm (Fig. 505) is cor- 
_respondingly demagnetized or magnetized, and the armature affixed 
to it (as well as the armature lever) is set into similar vibrations as 
the membrane of the transmitter. Through lever 7, connected with 
the armature, similar vibrations are communicated to the surround- 
ing air and (the increasing effect of the sounding board helping) the 
tones so produced finally reach the ear of the listener. In respect 
to the operations of this apparatus, the author remarks that the re- 
ceiver does reproduce the exact number of the original vibrations, 
but that a reproduction of the original intensity has not yet been 
attained. For that reason, it is added, small differences in the 
vibrations are appreciated with difficulty, and in the practical ex- 
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(CO periments made thus far it was possible to transmit with astonish- 


ing faithfulness chords, airs, ete., whilst in reading, speaking, ete., 
single words were more indistinctly heard. The apparatus just de- 
scribed is said to have been one of the constructions which Reis 
has used himself in his experiments. The underlying principles 
might give hopes of a further improvement of the apparatus, but 
the telephone which, according to later reports, Reis has finally de- 
cided upon has the disposition represented in Fig. 506, although 
the principle on which it is founded does not stand quite in 
harmony with the above-mentioned investigations of Wertheim, for 
instance. 
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The telephone proper A, consists of a hollow wooden box pro- 
vided with a short sound funnel §, and the upper side of which is 
open in the centre and covered over tightly with a delicate mem- 
brane. On the middle of the latter a thin platinum disk is fastened 
from which on one side a platinum strip establishes circuit connec- 
tion with the contact of the key at e, from which place the metallic 
connection is effected with one end of the coil of a small electro- 
magnet provided with a spring armature, whilst the other end is in 
contact with screw f. The reproducing apparatus C, set up at the 
receiving station, consists simply of a coil about six inches long 
formed by winding six layers of copper wire ; in the axis of the coil 
a thin iron wire ten inches long (a knitting needle) protruding out 
of each end of the coil about two inches, is so disposed that with 
its bridge-like supports it rests on a sounding board. By means of 
serew 7, and of the key at / qg, the coil is thrown into the circuit and 
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the connection of both apparatus is effected in the manner mss 
tioned ; a battery being placed at B, the course of the current is 
easily followed out. It can flow from B through d¢ and cd to e and 
7, and from here to the receiving station, and at 7 return to the bat- 
tery, or it can start in the opposite direction according as 7 or 7 
forms the starting point of the current. The circuit can be broken 
at will at each of the two stations by pressing the key lever, and a 
connection can be established thus in either direction, but the dis- 
continuous currents which are to produce the sounding of the iron 
wire at C are obtained in this way. By singing or the blowing of 
instruments towards the sound funnel S, the membrane at A is made 
to vibrate ; if this can be brought about it will bappen, as was de- 
monstrated by the experiments, that the iron wire of the receiver 
assumes isochronal vibrations, and whenever this is the case, it re- 
produces the same tones which set the membrane to vibrating at the 
transmitting station. 

My ewn experiments have demonstrated that every. melody 
starting from ¢, and embracing the entire extent of an average male 
voice, when sung into the telephone, can be reproduced by the re- 
ceiver at C. The timbre (Klang) or quality of the sounds thus re- 
produced is not pleasant, they are almost like the sounds of toy 
trumpets, at times also like the buzz of a fly caught m a_ spider's 
web and the like; yet the experiments of Reis are certainly inter- 
esting enough to challenge attention. 

A reproduction of the words spoken into the telephone with or 
without variation of pitch was audible at the receiver only in a 
corresponding noise (entsprechendes Gerausch), while a diserimi- 
nate perception of single vocal sounds, syllables or words could not 
be had. According to communications made on this subject by 
Reis, he has succeeded in reproducing the tones of organ pipes not 


covered, and those of a piano; in this latter case the transmitter 


was placed on the sounding board of the piano. 
February 20. 1885, 


Le 
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\ (No. 29.) Defendants’ Exhibit, Albert’s Catalogue of 
. 1873. 


pV" 
y Catalogue of J. With, Albert, Mechanician, at Frankfort-on-the- 
Main, 1873. 
J. A. W., Sp. Ex’r. 
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(Extract from Preface). All instrument and apparatus will 
always be constructed according to the latest designs and improve- 
ments. In order that their construction may be better understood 
we have printed herein references where a more complete descrip- 
tion can be found, as follows: 

M.-P. Muller-Pouillet’s Lehrbuch der Physik, VII. Auflage. 

A list of other books is given. | 

In the body of the catalogue is the following : 

= 957. Telephone of Reis for reproduction of tones by electricity, 
with description, 21 florins, 36 Rm. 

(M.-P. Fig. 348, bis. 350, Pisco, Akustik, fig. 60.) 

958. The same, with a simple electro-magnetic signalling appar- 
atus, 26 fl., 15 kr., 45 Rm. 
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(No. 30.) Defendants’ Exhibit, ‘“ Zeitschrift Deutsck-) : 
Oesterriskischen Telegraphen Veriens.” Berlin, 


Prussia. 1862. Vol. 9, p. 125. 
(Contains reprint of the “‘ Reis-Legat Article.” -See No. 6.) 


J. A. W., Sp. Ex’r. 
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| (No. 32.) Defendants’ Exhibit, Journal of the Society 
| {> of Architects and Engineers for the Kingdom 
.F* of Hanover, Vol. XII., page 147, A. D. 1866. 


J. A. Welch, Special Examiner, May 13, 1884. 


| Introduced in Record, p. 9.] 


New System of Acoustic Telegraphy. 


The Dublin Medical Press publishes an article upon the new 
apparatus which permits the sound of the human voice to be trans- 
ported to remote places. A person speaks into a tube near which a 
membrane is stretched, the vibrations will be carried through the 
conducting wire to a similar membrane at the receiving station 
(“endstation”). By means of the same vibrations the same sounds 
will be produced, and so shall it be possible, in fact, to carry on a 
conversation with another part of the world. Compare this report 


with Dinglar’s, Part 4, 1864. 
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(33.) Defendants’ Exhibit, The Dublin Medical ‘*Presgy” | | 
Wednesday, Oct. 14th, 1863. Vol. L., No. 4398, / 
p. 471. 
J. A. Welch, Special Examiner, May 13, 1884. 
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An extraordinary invention has been planned and perfected— 
namely, telegraphing by voice to vast distances, say, between Lon- 
don and Liverpool. The operator places his mouth to the tube in 
front of the instrument and sings a note, when immediately the 
membrane begins vibrating in accordance with the note sounded, 
and causes the iron core in the receiving instrument at the other end 
to be magnetized and demagnetized a number of times equal to the 
number of vibrations of the membrane, and so conveys to the re- 
ceiver an impression of a musical sound the same as transmitted at 
the other end. This, it is hoped, will extend from vocal tones to 
verbal tones. 
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I Weekly Encyclopedic Review of the Progress of the Sciences. Paris, 
/ December 25th, 1863. Vol. 23, p. 705. 


J. A. Welch, Special Examiner, May 13, 1884. 
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Acoustic Telegraphy.—There has been invented and constructed in 
England an electric telegraph apparatus which permits the notes of the 
human voice to be transmitted from one point to another very dis- 
tant one. The operator places himself before the instrument and 
sings into the tube any note whatever. A membrane stretched near 
to the tube, so as to vibrate under the influence of the note sung, 
is put in connection by a wire conductor with another membrane 
placed in the same conditions at the station to which one speaks. 
he The number of the vibrations of the first membrane corresponds 
exactly to the opening or the interruption of the electric current 
transmitted by the wire conductor to the opposite membrane, this 
one, under the influence of the currents, vibrates in unison with the 
first and renders also a sound identical with the sound sung. There 
is but one more step to make, adds the Dublin ‘ Medical Press,” 
and one will be able to speak, in the proper sense of the word, from 
one end of the earth to the other.—Notes of M. Koenig. 
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(No. 35.) Defendants’ Exhibit, “Scientific Americgn{ Ly } 
Supplement,” February 5, 1876. Pp. 92-93. 7 |; . 


d. A. W., Sp. Exe. 
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ON THE TRANSMISSION OF MUSICAL TONES TELEGRAPHICALLY. 


sy EvisHa Gray. 
(Read before the American Electrical Society, March 17th, 1875.) 


While engaged in studying the phenomena of induced currents, I 
had noticed a sound proceeding from an electro-magnet connected 
in the secondary circuit of a small Ruhmkorff coil which was at that 
time in operation. This, of course, was not new (in having been 
observed by Page, Henry, and others, that the magnetization of iron 
is accompanied with sound), but it helped to direct iny mind to the 
subject of transmitting musical tones telegraphically. Subsequently, 
I made a discovery that led to a thorough investigation of the sub- 

ject, and I have devoted my whole time since then to the study 
which it suggested. 

The circumstance was as follows: My nephew was playing with 
a small induction coil, and, as he expressed it, was “ taking shocks ” 
for the amusement of the smaller children. He had connected one 
end of the secondary coil to the zine lining of the bath tub, which 
was dry at that time. Holding the other end of the coil in his left 
hand, he touched the lining of the tub with the nght. In making 
contact, his hand would glide along the side for a short distance. 
At these times I noticed a sound proceeding from under his land at 
the point of contact, which seemed to have the same pitch and qual- 
ity as that of the vibrating electrotome, which was within hearing. 
I immediately took the electrode in my hand, and, repeating the 
operation, to my astonishment found that by rubbing hard and 
rapidly I could make a much louder sound than the electrotome was 
making. I then changed the pitch of the vibration, increasing its 
rapidity, and found that the pitch of the sound under my hand was 
also changed, it still agreeing with that of the vibration, I then 
moistened my hand and continued the rubbing, but no sound was 
produced so long as my hand remained wet; but as soon as the 
parts in contact became dry the sound reappeared. 

The next step was to construct a key-board, with a range at first 
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of \pne octave, similar in appearance to the cut shown in Fig. 1, 
whith has two octaves. 

tach key has a steel reed, or electrotome, tuned to correspond to 
its position in the musical scale. A better understanding of the 
operation of a key and its corresponding electrotome may be ob- 
tained by referring to the detached section shown in Fig. 1 a. 

ais a steel reed tuned to vibrate at a definite rate corresponding 

to its position in the scale. One end is rigidly fixed to the post 4, 
while the other end is left free, and is actuated by a local battery. 
The magnets e and 7 are arranged in the same local circuit, magnet 
J having a resistance of about thirty ohms, and magnet e about four 
ohms. When the read a is not in vibration the point C is in electri- 
cal contact with it, which throws a shunt wire entirely around the 
magnet f; thus, practically, the whole of the local current passes 
through magnet e at the instant of closing the key C. It is well 
known that when two electro-magnets are placed in the same cir- 
cuit, the one which has the higher resistance (other things being 
equal) will develop the stronger magnetism, and that if the magnet 
of higher resistance be taken out of the circuit, the force of the 
other will be increased. When the key C, being depressed, closes 
the local circuit at d, the operation of the reed is as follows: The 
whole of the current from battery L passes through the magnet e, 
which attracts the reed, say, with a power of four. When the reed 
has moved towards I far enough to leave the point G, the shunt cir- 
cuit is broken, and the current flows through both the magnets im- 
mediately the power in f rises from zero to five, and that of e drops 
from four to one, and the reed is attracted toward 7 with an eftective 
force of four, until contact is again established with the point G. 
The operation is repeated at a rate determined by the size and length 
of the reed, and which corresponds with the fundamental of the note 
its represents. The figures given above only approximate the facts. 
The relation of the magnet as to size and resistance, so as to give 
an equal impulse to the reed in both directions, was determined by 
actual experiment with a battery of a given size. 

It will be observed that by this arrangement the centre of vibra- 
tion coincides with the centre of the reed when at rest, so that the 
pitch of the tone is not disturbed by any ordinary change of battery; 
as is hable to be the case when only one magnet is used, or when 
the impulse is not equal in both directions. 

A second battery, which we will call the main battery, is connected 
as follows: One pole is connected to the ground; the other runs to 
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the instrument, and, entering at binding screw 4 (Fig. 1 a), runk fo! 
point H of key C to point 7, which makes contact with the reed a; 
from the reed « to binding screw /, and thence to line. It will be 
seen that when the key is at rest the batteries are open at the points 
d and H. 

All the keys in the instrument, whether one or more octaves, 
have corresponding reeds and actuating magnets, the only difference 
being in the tuning of the reeds. There is but one main and one 
local battery used, and the connections to each key are run in branch 
circuits from the binding screws, as shown in Fig. 1 a. But since 
all these branches are open at the key points, neither of the batteries 
is closed unless a key is depressed. 

If now the keys are manipulated, a tune may be played which is 
audible to the player. When any key is depressed, the local battery 
sets in vibration its corresponding reed, which sounds its own fund- 
amental note according to the laws of acoustics. So far the instru- 
ment is an electrical organ, the motive power being electricity in- 
stead of air. The main battery has had no part whatever in its 
operation. 

If, however, the main circuit is closed by connecting the distant 
end to ground, and the point [I is properly adjusted so that it makes 
and breaks contact with the reed at each vibration, a series of elec- 
trical impulses, or waves, will be sent through the line, correspond- 
ing in number per second to the fundamental of the reed. 

Now as the pitch of any musical tone is determined by the num- 
ber of vibrations per second made by the substance from which the 
sound proceeds, it is clear that if these electrical waves can be con- 
verted into audible vibrations at the distant end of the line, whether 
it be one mile or five hundred miles from the player, the note pro- 
duced will be of the same pitch as that of the sending reed. 

There are various ways by which these electrical waves may be 
converted into audible material vibrations. One of the most curious 
and novel is the one in which animal.tissue plays a prominent part. 
Following out the idea suggested by the bath-tub experiment, I 
constructed various devices with metallic plates for receiving the 
tune by rubbing with the hand. A very convenient method for 
doing this is shown in Fig. 2. 

This instrument has a metal stand of sufficient weight to keep it 
in position while being manipulated. Upon the stand a horizontal 
shaftis mounted in bearings, upon one end of whichisa crank, with a 
handle made of some insulating substance. Upon the other end 1s 
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t. centered a thin cylindrical sounding-box, made of wood, the face of 
A which is covered with a cap made of thin metal, spun into a convex 
ry form to give it firmness. This box has an opening in the centre to 
increase its sonorous qualities. The metal cap is electrically con- 

nected to the metal stand by means of a wire. 

If the operator connects the cap, through the stand, to the 
sround, and taking hold of the end of the line with one hand, presses 
the fingers against the cap, which he revolves by means of the crank 
with the other hand, the tune that is being played at the other end 
of the line becomes distinctly audible, and may be heard throughout 
a large audience room. If the conditions are all perfect, the faster 
the plate is revolved the louder will be the music, and the slower the 
the motion the softer will it become. When the motion stops the 
sound entirely ceases. 

I have found that electricity of considerable tension is needed to 
produce satisfactory results, at least that of fifty cells of battery. 
The necessary degree of tension is most conveniently obtained by 

. passing the line current through the primary circuit (adapted to the 
circuit wherein it is used) of an induction coil, and connecting the 
receiver in the secondary circuit. 

The cause of this phenomena has been the source of much spec- 
ulation and experiment. At first, I supposed it to be the quivering 
of the muscles at the hand, produced by the electric impulses and 
communicated to the plate and box making an audible sound, and 
that the motion was produced through the medium of the nerves. 
This idea, however, had to be abandoned. While visiting. in Eng- 
land, in 1874, I called on Professor Tyndall at the Royal Institu- 
tion, and exhibited to him a portion of my apparatus. He experi- 
mented with various substances, and found that the same result in 
kind if not in degree, could be produced with dead animal tissue. 
For instance, a bacon rind that had been pickled and smoked until 
there could be no suspicion of a nervous influence left, would, when 
sufficiently pliable, produce the sound, the cuticle being used next 
the plate. 

While Prof. Tyndall's experiments did not explain what the cause 
of the phenomenon really was, they determined most conclusively 
that it was not due to nervous influence upon the tissues, acting in 
sympathy with electrical impulses. It was suggested by some that 
it might be caused by electrical discharges, in the form of a spark, 

from the hand to the plate; but if this is true, why should motion 
as a gliding of the hand over the surface of the plate, be necessary to 
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produce the result? Others have suggested that the molecule# of : 
the substance in contact were disturbed upon the passage of suéh 
electrical impulse, roughening the surface, and for the instant pro- 
ducing a sudden increase of friction. If this is true, why should 


# 
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wetting the parts in contact destroy the effect ? 

But to continue my experiments: I noticed that when revolving 
the plate with my finger in contact, the friction was greater when a 
note was sounding. I then connected a small Ruhmkorff coil to a 
battery, inserting a common telegraphic key in the primary circuit, 
instead of the self-acting circuit-breaker. I connected one end of 
the secondary coil to the metal plate and holding the other end in 
my hand, I rubbed the plate briskly, and had my assistant slowly 
make dots with the key. I noticed at each make of the circuit a 
slight sound and at each break a very much louder one, owing to 
the fact that the terminal secondary wave is much more intense than 
the imtial. Lnow held my hand still, and, while I could feel the 
shock just as distinctly as before, there was no audible sound, 
proving that the motion was a necessary condition in its produc- 
tion. ‘The sensation when the sound was produced was as though 
my finger had suddenly adhered to the plate, and then as suddenly 
let go, producing a sound. 

The next experiment was with one hundred cells of gravity bat- 
tery. [connected one pole to the plate and held the other in my 
hand, pressing my finger against the plate and revolving it as before. 
I inserted a thin piece of paper between my fingers and the plate 
to prevent painful effects from the current, and my assistant made 
dashes with a key in the circuit. I was thus able to notice the 
effect of an impulse of longer duration. When the key was closed 
there was a perceptible increase of the friction, so that my finger 
took a position farther forward on the plate, where it would remain 
as long as the circuit remained closed. As soon as the key was 
opened my finger suddenly dropped back on the plate, making the 
same noise I had before heard. This operation was repeated so 
often that there could be no question as to the effect it produced. 

From the foregoing experiments, I find that the following con- 
ditions are necessary to reproduce musical tones through the 
medium of animal tissue, by means of electric waves transmitted 
through a telegraph wire. 

Ist. The electrical impulses must have considerable tension in 
order to make the effect audible. 
2d. The substance used for rubbing the receiving plate must be 
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soft and pliable, and must be a conductor of electricity up to the 
point of contact, and there a resistance must be interposed, very 
thin, neither too great nor too little. 

éd. The plate and the hand or other tissue must not only be in 
contact, but it must be a rubbing or gliding contact. 

4th. The parts in contact must be dry, in order to preserve the 
necessary degree of resistance. 

It will be seen that we have here the conditions of a static charge, 
the plate receiving one polarity from the battery, and the hand the 
other polarity, the interposed resistance preventing in a great 
degree the dynamic effect. It is a well-known fact that two bodies 
statically charged with opposite electricities attract each other. 
May not this be the whole solution of the phenomenon, that each 
wave asit arrives at the receiving end becomes for a moment static, 
which results in a momentary attraction between the plate and the 
finger and this immediately ceasing when the wave is gone, releases 
the finger with a noise or sound. If, then, sounds are repeated as 
fast as the sending reed vibrates, the production of a musical tone 
must follow according to well known laws of acoustics, providing the 
waves are sent to line in musical order. 

In the winter of 1873-4, I experimented very elaborately and 
worked out many new applications of the principle, not only to trans- 
mission of music, but to the transmission of telegraphic messages. 

If, instead of the revolving plate and the animal tissue we place 
in the circuit an electro-magnet, or a number of them, and have a 
tune played at the transmitting end, the tune will be heard from all 
these electro-magnets. The music produced will be loud or low ; 
Ist. As the battery used is strong or weak; 2d. As the line offers 
more or less resistance; and 3d. As the magnets are mounted more 
or less favorably for acoustic effect. 

In this case, as in that of the animal tissue, each impulse pro- 
duces a sound; but it is produced differently in the two. It is a 
well known fact that an iron rod elongates when magnetized and 
contracts again when demagnetized. The elongation and contraction 
are so sudden, that an audible sound is produced at each change. 
In order to convert this sound into musical tone, it is only necessary 
to repeat it uniformily and at a definite rate of speed, which 
shall not be less than sixteen nor more than four thousand per 
second. 

When the electro-magnet is properly mounted, the tone may be 
made very loud. Fig. 3 shows a very good form for mounting the 
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fn 
magnet for receiving the music. It isa common electro-magnet/ VA f 


having a bar of iron rigidly fixed at one pole, which extends across 
the other pole, but does not touch it by about one-sixty-fourth of an 
inch. In the middle of this armature a short post is fastened, and 


the whole mounted on a box made of thin pine, with openings for 


acoustic effects. 

One of the earliest discoveries with this experiment was the 
fact that not only simple but composite tones could be sent through 
the wire and received, either on the metal plate or on the magnet. 


Not only could a simple melody be transmitted, but a harmoty or 


discord could be equally well. From that time I have worked 
assiduously with the view of making a rapid telegraphic system 
embodying this discovery. ‘The first step was to analyze the tones 
at the receiving end, which if successfully accomplished, would open 
the way to a multiple Morse, a fast printing, an autographic and 
other systems. 

It would be impossible to give in this paper all the experiments 
tried, for there were very many indeed. I accomplished the analysis 
in a number of ways. The method which seemed in all respects to 
sive the best satisfaction 1s as follows: 

Fig. 4. is a perspective of one form of a receiving instrument 
‘alled an analyzer. The construction of the instrument is very 
simple. It consists of an electro-magnet adapted to the resistance 
of the circuit where it is intended to be used, and of a steel ribbon 
strung in front of this magnet in a solid metal frame, and provided 
with a turning screw at one end so as to readily give it the proper 
tension. The length and size of the ribbon depend upon the note 
we wish to receive upon it. If it is a high note, we make it thinner 
and shorter, if a low note, we make it thicker and longer. — If this 
ribbon is tuned so that it will give. a certain note when made _ to 
vibrate mechanically, and the note which corresponds to its funda- 
mental is then transmitted through its magnet, it will respond and 
vibrate in unison with its transmitted note, but if another note be 
sent, which varies at all from its fundamental, it will not respond. 
If a composite tone is sent, the ribbon will respond when its own 
note is being sen! as a part of the composite tone, but as soon as its 
own tone is left out it will immediately stop. Thus Iam able to 
select out and indicate when any note is being sent, in fact, to 
analyze the tones which are passing over the line. 

This method of analyzing tones transmitted through a wire elec- 
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‘trically is analogous to Helmholtz’s method of separating tones 
~transmitted through the air. ° 


The transmitting instruments used in sending composite tones 
are made similar in every respect to the one s own in Fig. 1 a, ex- 
cept that each reed is separately mounted. A cut of one of these 
transmitters, used in telegraphic work, is shown in Fig. 5. 

Fig. 6 shows a diagram view of two transmitters and two re- 
ceivers with their connections. The local circuits with their mag- 
nets, are left off to avoid confusion. 

A and B represent two transmitters, placed at one end of a line; 
A’ and B,, two receivers at the other end. One end of the main bat- 
tery is connected to line, and the other end to ground. Each trans- 
mitter is placed in a shunt wire running from its main battery con- 
nections around one-half of the battery. A common open circuit 
key is placed in each of these shunt wires. Suppose, now, the two 
reeds A and Bb, A making 264 vibrations per second, and B 320, 
just two tones or a major third above A. So long as the keys re- 
main open, the battery is all on the line steadily. If the key of 
transmitter A is closed, half of the battery is being thrown on and 
off the line at a rate of 264 times per second. This causes a suc- 
cession of electrical waves to flow through the line at the same 
rate. If now the steel ribbon of the analyzer A’ has been tuned in 
unison with these electrical waves, it will respond and hum the 
same note as the transmitter ; but if it is not in unison, it will re- 
main practically quiescent, so that the note can only be heard by 
submitting it to the most delicate test. To bring them in unison, it 
is Only necessary to turn the tuning-screw up or down, as the case 
may be. When the fundamental of the ribbon corresponds with 
that of the sending reed, it announces the fact by sounding out 
loud and full. If (having the key of transmitter A still closed, and 
consequently its corresponding analyzer still sounding) we close the 
key belonging to transmitter B, the other half of the battery will be 
thrown on and off the line, at the rate of 320 times per second, and 
another succession of electrical waves will flow through the line, 
this one being at the rate of 320 times per second. If the analyzer 
B’ is in proper tune, so that its fundamental is the same as that of 
its corresponding transmitter B’ it will hum its note as long as the 
key is closed, making a chord with A’. In the same way, a great 
number of different notes may be sounding at the same time, at one 
end of a telegraphic line, and be heard simultaneously at the other 
end, each note sounding upon a different receiving instrument. 
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The manner of making these vibrations of the analyzer operate af ) \ 


sounder, a register, or other recording instrument, is shown in the 
detached section of the analyzer, at Fig. 7. In this case a is a short 
section of the steel ribbon, 4 the electro-magnet, C a light metal bar 
pivoted at E, D a platinum point resting against another on the 
ribbon a, and fan adjusting spring by which the pressure of lever 


C, at the point D, agalnst the ribbon a, is regulated. One pole of 


the local battery is connected to the steel ribbon, through the frame 
of the instrument. The other runs through the sounder-magnet G, 
and thence to the lever C, completing the circuit at the point D. The 
tension of the spring fis so regulated that the rate of vibration of 
the lever C is naturally slower than that of the ribbona. The 
operation is as follows: When the operator at the sending station 
closes his key, the ribbon a@ is thrown into vibration, and remains so 
as long as the key continues closed; but comes to rest immediately 
when the key is opened. The lever C, not being able to follow the 
ribbon, rattles against it with a buzzing sound, disturbing the con- 
tinuity of the local circuit by throwing in a great resistance at the 
point D. This resistance is sufficient to act upon the sounder the 
same practically as dead break. By this means the sounder is made 
to follow the key of the operator who is sending the proper note. 
In the same manner all the other tones may be brought into ser- 
vice, each ignoring the other, and each seeking its own at the re- 
ceiving end. 

By this method, not only may different messages be sent simul- 
taneously, but a tune with all its parts may be sent through 
hundreds of miles of wire, and be distinctly audible at the receiv- 
ing end. 

A successful experiment was made at Milwaukee, Wis., on Janu- 
ary 8th, 1876, with Mr. Gray’s system. A loop was arranged by way of 
Horicon to Portage and back by way of Watertown, a distance of 
200 miles. Over this single wire eight operators sent messages and 
signals in the same direction at the same time, without any one in- 
terfering with another. The experiment was witnessed by a num- 
ber of telegraphers and representatives of the press. 


: 
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(No. 36.) Defendants’ Exhibit, Dr. Van Der Weyde’s 


f Second Article. 


Scientific American, March 4. 1876. 
) } 
J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 9.] 


THE INVENTION OF THE TELEPHONE. BY P. H. VAN DER WEYDE, 
M.D. 

In connection with Mr. Gray’s application of the telephone to 
the simultaneous transmission of several different telegraphic mes- 
sages over one wire at the same time, and his paper read before the 
American Electrical Society (published on page 92, Scientific Ameri- 
can supplement for Feb. 5), it may be interesting for the readers of 
this paper to obtain some information in regard to the invention of 
the telephone, by Reuss. As mentioned in the article above referred 
to, Page and Henry observed that, by rapid magnetization and de- 
magnetization, iron could be put into vibrations isochronic with the 
interruptions of the current; and later, Marian experimented exten- 
sively in this direction, while Wertheim made a thorough investiga- 
tion of the subject, which induced Reuss, of Friedrichsdorf, near 
Hamburg, Germany, to apply this principle to the transmission of 
musical tones and melodies by telegraph; and he contrived an ap- 
paratus which we represent in the engravings. 


Professor Reuss’s Telephone. 


The telephone of Reuss consists of two parts, the transmitting 
and the receiving instrument. Fig. I. represents the former, and is 
placed at the locality where the music is produced; Fig. II., the 
latter, is placed at the station where the music is to be heard, which 
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may be at a distance of one hundred, two hundred, or more miles, \ 
in fact, as far as the battery used can carry the current, while the 
two instruments are connected with the battery and the telegraph 
wire in the usual manner. One pole of the battery is commueten 
with the ground plate, the other with the screw, marked 2 of Fig T.. 
and thence over a thin copper strip 7, with a platinum disk, 0, at- 
tached to the centre of the membrane stretched in the large top 
opening of the hollow and empty box, K, intended to receive and 
strengthen the vibrations of the air, produced by singing before the 
funnel-shaped short tube attached to the opening in T. Over the 
platinum disk, c, attached to the elasti¢e membrane, is a platinum 
point attached to the arms 4 ¢ and } K, while a set screw brings this 
point in slight contact with the platinum disk mentioned, a part 
the box is represented as broken and removed in order to show the 
internal construction. The strip a 4 ¢ is connected with the end 
of the switch ¢s, and the screw connection, 1, at the lower right 
hand corner, and also through the telegraph wire, to the instrument 
Fig. II., at the receiving station, which may be situated at a dis- 
tance of many miles. Here the current enters by the screw connec- 
tion 3, and passes through the spiral g, surrounding the soft iron 
wire, d d, of the thickness of a knitting needle, and leaves the appa- 
ratus at the screw connection, 4, whence it obtains access to the 
ground plate, and so passes, through the earth back to the a 
The spiral and iron wire d 7 is supported on a hollow box B, « 
thin board; while a cover D, of the same material is placed on eg 
all intended to strengthen the sound produced by the vibrations 
which the interruption of the current caused in the iron wire d d, 
so as to make these vibrations more audible by giving a large vibra- 
tory surface, in the same way that the sounding board of a piano- 
forte strengthens the vibrations of the air, caused by the strings, and 
makes a very weak sound quite powerful. 

If a flute be played before the opening T, or if a voice be singing 
there, the vibration of the air inside the box K, causes the mem- 
brane 7 to vibrate synchronically, and this causes the platinum 
disk 0 to move up and down with corresponding frequency. At 
every downward motion the contact of this disk with the platinum 
point, under 4, is broken, and therefore the current is interrupted as 
rapidly as the vibrations occur. Let, for instance, the note © be 
sounded; this note makes sixty-four full vibrations in a second, and 
we have, therefore, sixty-four interruptions of the electric current, 
which interruption will at once be transmitted through the tele- 
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graph line to the receiving instrument, and put the bar d d into ex- 
actly the similar vibrations, making the very same tone C audible ; 
and so on for all other rates of vibration. It is clear that in this 
way not only the rhythm of music can be transmitted (and this can 
be done by the ordinary telegraph), but the very tones, as well as 
the relative durations and the rests between them can thus be Sent, 
making a full and complete melody. The switch ¢ s, Fig. I., is in- 
tended, in connection with a similar one in Fig. II., to communicate 
between the stations with the help of the electro-magnet E E, to as- 
certain if station Fig. II. is ready to receive the melodies ; then it 
gives the signal by manipulating the switch, which is received by 
the attraction of the armature A, the latter arrangement being a 
simple Morse apparatus attached to the telephone. 

Professor Heisler, in his “‘ Lehrbuch der technischen Physik ” (3d 
edition, Vienna, 1866), says, in regard to this instrument: “ The tele- 
phone is still in its infancy ; however, by use of batteries of proper 
strength, it already transmits not only single musical tones, but 
even the most intricate melodies, sung at one end of the line to the 
other, situated at a great distance, and makes them perceptible there 
with all the desirable distinctness.” After reading this account in 
1868 I had two such telephones constructed, and exhibited them at 
the meeting of the Polytechnic Club of the American Institute. The 
original sounds were produced at the further extremity of the large 
building (the Cooper Institute), totally out of hearing of the Asso- 
ciation, and the receiving instrument, standing on the table in the 
lecture room, produced (with a peculiar and rather nasal twang) the 
different tunes sung into the box K, at the other end of the line; 
not powerfully, it is true, but very distinctly and correctly. In the 
succeeding summer I improved the form of the box K, so as to pro- 
duce a more powerful vibration of the membrane, by means of re- 
flections effected by curving the sides; I also improved the receiv- 
ing instrument by introducing several iron wires in the coil, so as to 
produce a stronger vibration. I submitted these, with some other 
improvements, to the meeting of the American Association for the 
Advancement of Science, and on that occasion (now seven years 
ago) expressed the opinion that the instrument contained the germ 
of a new method of working the electric telegraph, and would un- 
doubtedly lead to further improvements in this branch of science, 
needing only that a competent person give it his undivided atten- 
tion, so as to develop out of it all that it is evidently capable of pro- 
ducing. 
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Before leaving this subject, I wish to draw special attention ai a \ 
the fact that the merits of the invention consist chiefly in the ab ~ 
sence of musical instruments, tuning forks, or their equivalents for 
producing the tones; any instrument will do: flute, violin, human 
voice, ete. If the aerial vibrations are only conducted into the box, 

Fig. I, the apparatus will send the pitch as well as the duration of 

the different tones, with the rests between, therefore not only trans- 
mitting perfect rhythm, but a complete melody, with its long and 
short notes. ‘The two parts of the apparatus may even be connected 

each to a separate piano-forte ; and if this were done in a proper 
manner a melody played on the piano-forte connected with the trans- 
mitting instrument, Fig. I., would be heard in the piano-forte at a 
creat disatnce, connected with the receiving instrument, Fig. IT. 
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Fig. 109.—-Professor Wheatstone’s Alphabetical Instrument—Receiving Apparatus and Alarum, 


‘WHEATSTONE’S ALPHABETICAL INSTRUMENT. 

‘152. The various step by step, or letter-indicating, telegraphs 
may be said mainly to owe their origin to Professor Wheatstone, 
whose early labors were mostly in this direction, and who has grad- 
ually perfected his apparatus until it has assumed the form now so 
extensively used for domestic purposes, and especially for commu- 
nicating between offices, warehouses, &c. The advantage of this 
class of telegraph is, that those unaccustomed to its use can read 
the letters as they are successively indicated by the revolving 
pointer of the receiving apparatus ; and, after a very short experi- 
ence, can in like manner signal the letters with the sending keys. 
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, | 
‘From the nature of this form of instrument, and from a large /y { ~ | 
number of currents required for each letter on an average, it is ‘h 
slower in operation than the needle, acoustic or recording tele- 
graphs. For the reason, combined with the difficulty of working it 
on any circuit of considerable length, the step-by-step indicating 
telegraphs have been pretty much restricted to the applications al- 
ready mentioned. 
‘In 1858, Professor Wheatstone, patented a series of improve- 


Fig. 110.—Prof. Wheatstone’s Alphabetical Telegraph Sending Apparatus 


ments upon the alphabetical instrument introduced by himself and 
Mr. Cooke in 1840. The object of the new apparatus was to attain 
creater steadiness, certainty and rapidity than had been previously 
obtained where an index hand was moved rapidly, step by step, 
round an alphabetical dial; he embodied his ideas in a simple and 
yet portable form of instrument, which for many advantages it pos- 
sesses has been very generally adapted for short lines where it is 
desirable to dispense with skilled telegraph clerks. 

“The currents used to work this apparatus are magneto-electric, 
evolved from permanent magnets ; and thus the expense and ‘trouble 
connected with the use of voltaic batteries in such an arrangement 
are avoided. 
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“The arrangement of this apparatus is shown in Fi igs. 109, 110, 


‘Fig. 110 is a vertical view of the outside of the sending appa- 
ratus, showing the small finger studs A A (thirty in number), which, 
when pressed down, allow such a succession of currents to pass to 
the distant station, as will move round the indicator on the receiv- 
ing dial to the corresponding letter. 

“ Fig. 111 is a section (side view) of the sending apparatus. The 
handle z is used to turn a pair of electro-magnetic coils (66) by an 
endless band, rapidly above the poles of a permanent steel magnet 
a. A succession of magnetic currents are thus sent, and as long as 
the handle is turned and the small finger studs unmoved, the indi- 
cators of the receiving dials move on step by step. On one of the 
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Fig. 111.—Prof. Wheatstone’s Alphabetical Telegraph Sending Apparat is (Section). 


studs A, being depressed to the stop B, the movement of the arm g 
is arrested as soon as it comes round to the lower end G of the 
finger-key, and the circuit is broken; no further effect being then 
produced on the indicating instruments, its pointer indicates the 
letter upon the dial to which attention is directed by the pause. 
An arrangement is made by which, when a stud is depressed, it re- 
mains down until another is pressed, upon which the first is me- 
chanically returned to its former position. 

“ Figs. 109 and 112 show the indicating apparatus and alarum. 
The index pointer is moved round by a pallet wheel acted upon by 
the alternate attraction and repulsion of two magnetic needles h A 
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Fig. 112.—Prof. Wheatstone’s Alphabetical Instrument—Indicating Apparatus (Section). 


fixed upon an axis g by the currents passed from the sending appa- 
ratus through the electro-magnets in the receiving instruments. 
“6e¢de form the bearings, and/27 is an external regulator.” 


122 DEFENDANTS EXHIBITS. 
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Proceedings American Association for the Advancement of Science. 
Meeting at Salem, August, 1869. 


Ly the list of papers read is the following : 

“On the audible transmission of musical melodies by means of 
the electric telegraph. By P. H. Van der Weyde.” 
(Article not printed in the proceedings.) 
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(No. 39) Defendants’ Exhibit, Extract from ‘* . 
Telegraphic Journal and Electric Revi 
Vol. 3, No. 69, December 15, 1875, pp. 286-2 


J. A. W. , Sp. Ex’r. 
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TRANSMITTING MUSICAL TONES BY ELECTRICITY. BY ELISHA GRAY, 
OF CHICAGO. 


This is a method of producing musical tones of any desired 


pitch at any point in an electrical circuit, and consists in transmitting 
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Fig. 1 


a series of impulses of induced electricity of high tension, corre- 
sponding in number to the number of audible vibrations constituting 
the said musical tone, through living tissue in contact with any re- 
sonant substance or through a coil surrounding a bar of iron or the 
core of an electro-magnet, the succession of currents being pro- 
duced by an induction coil or other aparatus for inducing a second- 
ary current, and being caused by the action of any suitable circuit 
interrupter situated in a primary circuit (taken from the specifica- 
tion). 

And in order that the said invention may be fully understood, I 
shall now proceed more particularly to describe the same, and for 
that purpose shall refer to the several figures, the same letters of 
reference indicating corresponding parts in all the figures. 

Figure 1 of the drawings represents one form or plan of an 
electrical apparatus in which these improvements are embraced ; 
Fig. 2 is a front elevation of the same, and Fig. 3 is a diagram 
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‘fea | an arrangement of parts and circuits which may be em- 


fs . . ° . 
* plefed in connection with these improvements. 
/ A represents the base or frame of the apparatus ; B is an induc- 


tion coil of the usual form, provided with the usual primary and 
secondary helices; C is an ordinary vibrating electrotome which, 
when in action, produces a musical tone by the vibration of its 
armature and circuit-breaking spring a of a pitch determined by its 
weight of vibration, which rate is dependent upon the length, stiff- 
ness and adjustment of the spring attached to the. armature of the 
electrotome; C’ is another electrotome similar to the first, with the 
exception that its spring a’ is so adjusted that it produces, when in 
action, a musical tone of a different pitch from that produced by 
the electrotome C, owing to the different rate of vibration of its 
circuit-breaking spring @’. Other electrotomes may be provided, 
having their vibrating springs so constructed and adjusted that 
when in action the series will produce tones extending through one 
or more octaves. These electrotomes are situated in the primary 
circuit of the induction coil B, and when the said primary circuit is 
broken by the vibration of the circuit-breaking springs, secondary 
currents are induced in the secondary circuit of the said coil. 

D, D’ are telegraphic keys of the usual form placed in the 
primary circuit above referred to, which circuit is divided so that it 
passes through both keys and both electrotomes. The keys are 
used for making connection with the battery. 

Figures 3 and 4 show the arrangements of the circuits; G be- 
ing the secondary circuit, extending from the induction coil B to 
the receiving station; I the battery, and H the primary circuit from 
the battery through the keys; D, D’, magnets of the electrotomes 
C, C’, and the primary circuit of the induction coil B. E represents 
a suitable resonant substance at the receiving station, and consists 
of a hollow cylinder of metal. 

The method of operation of the apparatus is as follows: On de- 
pressing either of the keys D, D’, the primary circuit from the bat- 
tery F will be closed through one of the electrotomes, and the 
spring or circuit interrupter of the latter will immediately commence 
to vibrate, producing a musical tone of a certain pitch, dependent, 
as before stated, on the size and adjustment of the spring, and in- 
terrupting the primary circuit of the induction coil B; these inter- 
ruptions will induce secondary currents in the secondary circuit of 
the said coil, which will correspond in number with the vibrations 
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of the circuit interrupted, and the number of musical audible vibra- 
tions constituting the tones produced. Thus, for example, if the 
circuit-interrupting spring vibrates one hundred and twenty-eight 
times per second, the tone produced is that known as the “funda- 
mental C,’ and at the same time one hundred and twenty-eight 
terminal induced currents will be generated in the secondary cir- 
cult. 


If now a person places himself in the said secondary circuit and 
brings his hand or any other part of his body in contact with any reso- 
nant substance, which is a conductor of electricity, so that the circuit 
is completed through it, the said resonant substance being either the 
metallic cylinder shown at E, or a plate of metal stretched above 
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the body of a violin by metallic strings, or a sheet of -foil paper 
stretched over a metallic ring, or any other suitable resonant sub- 
stance, the impulses of electricity transmitted through the living 
tissue of the operator will, from some cause not yet fully under- 
stood, produce a corresponding number of vibrations in said ‘reso- 
nant substance and a musical tone will be given forth of a quality 
dependent upon the character of the resonant substance, but of the 
same pitch as that produced by the vibration of the circuit inter- 
rupter at the transmitting end. 

instead of interrupting the primary circuit by vibrating automa- 
tic electrotomes, and thereby inducing the secondary current of 
high tension which is transmitted to the resonant receiver, the 
necessary interruptions for this purpose may be effected by any 
mechanical device which will produce a sufficient number of inter- 
ruptions per second to cause a musical tone. 

The secondary coil may be dispensed with, and the secondary 
currents induced in the primary coil, when the primary circuit is 
interrupted, may be transmitted to the receiver for the purpose of 
producing the audible vibrations. 

Another form of the apparatus is constructed as follows: The 
transmission of sound is effected, as in the apparatus above de- 
scribed, by the conversion of electrical impulses of high tension 
through a secondary circuit into audible vibrations, but the appa- 
ratus is based upon the principle that an electrical current, travers- 
ing a coil surrounding a bar of iron or a coil of an electro-magnet, 
causes a slight elongation of the said bar or core, which elonga- 
tions, if they succeed each other with sufficient rapic@’, will result 
in a vibration of the bar and the production of a musical tone. 
This apparatus is shown at Fig. 4, the transmitting apparatus being 
the same as in the apparatus before described, but the receiving 
apparatus, as shown at E, consists of an electro-magnet placed in 


the secondary circuit. S represents a hollow cylinder of metal, 
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which is placed upon the poles of the electro-magnet and intensi- 
fies the sound. 

The uses to which the apparatus may be applied are various. 
In telegraphing, for example, instead of transmitting messages by 
means of the Morse alphabet, now in general use, tones of dif- 
ferent pitch corresponding to the letters may be employed, which 
tones can be produced more rapidly than printed or impressed 
dashes can be made, and there duration would be shorter than 
the intermission now required for producing dashes and dots in 
succession. 

A very slight interval would be necessary between the tones to 
indicate the separation, and, as dashes would be indicated by one 
tone and dots by another, all signals would have the same length. 
Instead of using one tone for dashes and another for dots, signals 
could be devised consisting of tones of various combinations. 
These signals can soon be readily learned and read by any operator 
‘apable of distinguishing tones of different pitch, who, by placing 
his ear in contact with the resonant substance, would cause the 
tones to be pzoduced, and still have both hands free to receive the 
message. By means of a type-writer an operator could record 
eighty words a minute. 

_ The amount of current which is necessary to produce the effect 
is almost unappreciable. Less than one-hundredth part of the 
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fyattery power now required enables audible signals to be trans- 


waitted over long lines. The apparatus can, therefore, be employed 
with advantage on submarine lines, and the rate of transmission 
over them can be thereby much increased. 

As a telegraph apparatus, it is simple, economical and rapid in 
its operation. 

The apparatus may also be employed to transmit tunes from 
one place to another; the vibrating pieces being properly pitched 
and sufficient in number, even the different parts of a musical com- 
position, each simultaneously played in different places, may be 
transmitted to the same place, so that the whole will be there audi- 
ble. In the latter case a separate circuit and transmitting and re- 
ceiving apparatus will be required for each part of the musical com- 
position, and it will be necessary to beat time by telegraph for each 
set of performances. 
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THOMAS A. EDISON, OF NEWARK, NEW JERSEY, ASSIGNOR TO HIM- 
SELF AND GEORGE HARRINGTON, OF WASHINGTON, DISTRICT OF 
COLUMBIA. 


IMPROVEMENT IN RELAY-MAGNETS. 


Specification forming part of Letters Patent No. 141,777, dated 
August 12, 1873; application filed March 13, 1873. 


Zo all whom it may concern: 

Be it known that I, Thomas A. Edison, of Newark, County 
of Essex and State of New Jersey, have invented an inprovement 
in telegraphic instruments, of which the following is a specification : 

Relay-magnets are employed to a large extent in various tele- 
graphic operations. It is, however, found that the adjustment of 
the springs that draw back the armature and the burning of the 
contact points by the spark are sources of constant annoyance, 

My present invention is made for preventing the points burning 
out, and for avoiding adjustment of the retractile armature springs. 

I make use of metallic contact points within a liquid, such as 
glycerine or water, so that the motion of one contact point nearer 
to or farther from the other raises and lowers the electric tension in 
the telegraph line, and operates a distant magnet without form- 
ing a spark or breaking the circuit. 

In the drawing, figure 1 is a side view of the relay-magnet with 
the circuit cup in section, and figure 2 is as';de view of the distant 
magnet. 

The finger key a, is in a circuitfrom the battery 4; so also are 
the coils of the relay-magnet c. The armature d and its lever f are 
moved by the spring 3 in one direction, and by the magnet ¢ in the 
other. The cirenit cup gis made to contain water, glycerine or 
other suitable liquid. In the bottom is the screw or point 7, con- 
nected with the circuit wire 4, and the movable point or screw /, 
passing through the lever fis connected with the other circuit wire 
m, extending to the distant magnet 7 (the battery 7 is in the circuit 
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e magnet 7), and it will now be understood, that by adjusting 
ie point / nearer to or farther from i the proportion of current 
passing to the magnet n can be adjusted so that, when the point / 
is moved by the magnet ¢ nearest to7;the current from 7 will be suf- 
ficiently powerful to energize the magnet x and draw dowr its 
armature w,; but when the circuit to the magnet c is broken at the 
key a, or otherwise, the moving of the point / away from 7 will les- 
sen the tension in the circuit 4 m by the resistance of the interven- 
ing liquid, and weaken the pewer of the electro-magnet 7, so that 
its spring or weight will draw away its armature. 

The movement of the armature «may be made operative in ef- 
fecting any desired telegraphic operation to which it is adapted. I, 
however, employ the same especially as a sounder, and in that case 
the battery 7 and circuit & m are local. 

[am aware that contact points within a liquid, such as oil or 
glycerine, have been employed in the circuit breaker of an electric 
engine. In my improvement the circuit is not broken, but the 
relay-magnet or sounder is operated by rise and fa!l of tension, 
and the contact points are adjustable, instead of varying the arma- 
ture spring of the magnet. 

I claim as my invention : 

The adjustable contact-points, acting within a liquid, in combi- 
nation with a helix, armature, and spring of a sounder or relay, as 
set forth. 

Signed by me this 7th day of March, A. D. 1873. 

Tuomas A. Epison. 
Witnesses : 
Gro. T. PINCKNEY, 
Cuas. H. SMITH. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR OF ONE-HALF HIS 
RIGHT TO SAMUEL 8S. WHITE, OF PHILADELPHIA, PENNSYLVANIA. 


IMPROVEMENT IN Exectric TELEGRAPHS FOR TRANSMITTING MUSICAL 
TONES. 


Specification forming part of Letters Patent No. 166,096, dated 
July 27, 1875; Application filed January 19, 1875. 


Case l. 

To all whom it MAY CONCEP ¢ 

se it known that I, Elisha Gray, of Chicago, in the ‘County o! 
Cook and State of Illionis, have invented a new and useful Art of 
Transmitting Musical [Impressions or Sounds Telegraphically, as 
well as certain new and useful Improvements on Apparatus for so 
Transmitting such Impressions or Sounds, of which Art and Ap- 
paratus, I hereby declare the following to be a full, clear, and exact 
description. 

My invention relates to a novel art of transmitting musical im- 
pressions or sounds telegraphically, which impressious or sounds 
may be utilized as signals for the transmission of intelligence. 

My invention is based’ upon the well-known law of acoustics that 
bodies vibrating with different rapidity produce tones of dif- 
ferent pitch, and upon my own discovery that such vibrations can 
be transmitted through a telegraphic ciremt and reproduced in a 
musical tone or note of a pitch corresponding with that originally 
transmitted by including in the circuit animal tissue or other equiva- 
lent substance, which will cause ashght resistance to the electrical 
current, at the point of contact between such animal tissue and 
some resonant conductor of electricity. 

My improvement consists in a new and useful art of producing 
musicial impressions or sounds at the transmitting end of a tele- 
graphic circuit, by causing interruptions in the electric currents of 
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sufficient frequency to produce musical tones, transmitting said 
tones through an electric circuit composed in part of animal tissue, 
and reproducing them at the receiving end of the line, oy means 
of a resonant body which is also a conductor of electricity. 

My improvement further consists in a new and useful: apparatus 
for carrying out the objects of my invention, which apparatus con- 
sists of the combination of a telegraphic circuit composed in part 
of animal tissue, a circuit-breaker capable of producing a musical 
tone, and a receiver capable of reproducing that tone at the receiv- 
ing end of the cireuit. 

My improvement further consists of the combination, in an ap- 
paratus such as described, of a series of circuit-breakers capable of 
producing musical tones of different pitch, and a series of keys for 
simultaneously or successively throwing the circuit-breakers into or 
out of operation, whereby several tones simultaneously or succes- 
sively may be transmitted through a single wire. 

The subject: matter claimed will hereinafter specificially be 
at sionated. 

In the accompanying drawings, igure 1 represents a plan or 
top view of a portion of the transmitting apparatus. Figure 2 is a 
front elevation of the same, and Figure 3 a diagram, showing an ar- 
rangement of parts, and circuits which advantageously may be em- 
ployed in working my invention. 

The transmitting apparatus 1s mounted, as usual, upon a base 
board, A. An induction-coil B’ is provided with primary and 
secondary helices of the usual construction. A common vibrating 
electrome, C, having its circuit breaking spring a of such length, 
thickness, and adjustment that its vibration produces a musical tone 
of a certain pitch, forms part of the circuit. 

It is obvious that the apparatus may be worked with a single 
electrome, the pitch of which may be varied by adjustment; but 
where a series of tones of ditierent pitch 1s desired, I prefer to em- 
ploy a series of electrotomes having different rates of vibration. 

Two electrotomes, C C’, ofidentical construction, but differing in 
pitch, are shown in the drawings ; but I propose, under some cir- 
cumstances, to use a series of electrotomes which will give tones 
extending through one or more octaves. These electrotomes are, by 
preference, placed in the primary circuit of the induction-coil, and, 
when in operation, induce secondary currents or impulses in the sec- 
ondary cireuit of said coil, equal in number to the vibrations of the 
circuit-breaking spring of the electrotome. 
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An ordinary telegraph-key situated in the primary circuit, opens 
or closes the connections of the battery. Each electrotome must 
have a corresponding key. In the drawings, two keys, D D’, are 
shown, both of which, as well as the electrotomes, are situated in 
the primary circuit, which is divided or branched in order to pass 
through them. 

Figure 3 shows the arrangement of the circuits. The primary 
cireuit F', connected with the battery E, passes through the keys D 
D’, the magnets of the electrotomes, and the primary cireuit of the 
induction-coil B. One terminal of the secondary circuit G, extends 
from the induction-coil to the receiving station through animal tis- 
sue to a suitable resonant conductor of electricity, which, is, in this 
ease, a hollow metallic cylinder, H, which is connected with the 
eround. ‘The other terminal, I, of the induction-coil passes directly 
to the ground in the ordinary way. 

The animal tissue interposed between the wire, and the resound- 
‘nz receiver to complete the circuit, 1s shown in the drawings as con- 
sisting of the body of the receiving operator, who must be insulated 
from the ground; but other substances may be employed, which 
must possess the specific characteristics of being conductors of elec- 
tricity, of being yielding and elastic, and of having a surface of greater 
electric resisting capacity than its interior. 

These characteristics are found in the skin of the human body, 
in leather moistened with acidulated water, in animal flesh covered 
with a membraneous coating, in bacon-rind, in pork skin, especially 
pieces taken from the ear or tail,in kid gloves, and in other sub- 
stances which need not be enumerated, as they do not operate so 
perfectly as those above given. 

The operation of the apparatus is as follows: The closing of 
either of the keys completes the primary cireuit from the battery 
through the electrotome connected with the key depressed, and the 
circuit closing spring of said electrotome wii! immediately be thrown 
into rapid vibration, and a musical tone of a certain pitch depend- 
ent upon the length, thickness and adjustment of the spring will 
be given forth ; while, at each vibration, the current in the primary 
circuit of the induction apparatus will be interrupted. These inter- 
ruptions produce corresponding secondary currents or impulses in 
the secondary circuit of the induction apparatus, and these second- 
ary induced currents or impulses are transmitted to the receiving 
station. Thus, for example, if the circuit-breaking spring of the 
electrotome vibrates one hundred and twenty-eight times per 
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second, the tone given forth is that known as the “ fundamental C,” 
while one hundred and twenty-eight terminal secondary currents or 
impulses will be induced in the secondary circuit of the induction 
apparatus, and transmitted through the animal tissue above men- 
tioned, forming part of said circuit, to the resonant receiver, and 
will, from some cause not understood or explicable in the present 
stage of the art, vibrate the same synchronously with the transmit- 
ting electrotome, and thus give forth a musical tone of the same 
pitch. 

A metallic plate, stretched by metallic strings above a sounding- 
board—such, for instance, as the body of an ordinary violin—may 
be used with good effect to receive the vibrations, instead of the 
hollow eylinder above described. 

From the foregoing description it will be seen that musical tones 
produced at the transmitting stations can simultaneously be pro- 
duced at the receiving station, however distant. When two or more 
keys are simultaneously or successively depressed, corresponding 
tones will simultaneously be transmitted, thus producing harmony 
or melody. 

The interruptions in the primary circuit which cause the in- 
duced secondary currents or impulses may be produced by a me- 
chanical circuit-breaker having the requisite rapidity of motion, 
such as a revolving wheel or revolving brush ; or they may be pro- 
duced by providing the vibrating reed or reeds of an organ with 
contact points, so that, as the reed vibrates, it will transmit im- 
pulses corresponding in number per second to the number of vibra- 
tions per second of the notes sounded by the organ pipe. 

I prefer to use the impules of the induced secondary currents as 
the transmitting medium, as such use affords the most convenient 
way of obtaining electricity of high tension, which is that best 
adapted for penetrating a slightly resisting medium, such as the 
animal tissue hereinbefore mentioned. 

The secondary coil is not essential, as the secondary circuit in- 
duced in the primary coil may be utilized for transmitting the sig- 
nals. 

My improvement enables me to operate with a very slight 
amount of current, as the battery power required to produce and 
transmit the -vibrations is less than one hundredth part of the 
battery power now required to transmit signals over long land lines. 

My improved method can advantageously be substituted for the 
Morse telegraph alphabet now in general use, as an alphabet can 
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be constructed on the principle of using tones of different pitch for 
the different letters, which will admit of great rapidity of transmis- 
sion. 

sy means of my improved apparatus, not only may a tune be 
transmitted by a single operator to a distant point, but the different 
parts of such tune simultaneously may be reproduced at a common 
point from different places, a separate part of the tune being played 
at each place. 

The apparatus can also advantageously be employed in studying 
acoustics and the physical theory of music. 

The combination, with a main line, of an intermittent circuit- 
breaker, or a series thereof, each adapted to throw upon the line a 
definite number of electrical impulses per unit of time, and a key or 
keys, one for and controlling each such circuit-breaker, are not 
broadly claimed herein, as they constitute a part of the subject mat- 
ter of another application for Letters Patent of the United States, 
filed by me February 23, 1875. 

I claim as my invention: 

1. The hereinbefore described art of transmitting musical im- 
pressions or sounds telegraphically by producing musical impres- 
sions or sounds at the transinitting end of a telegraphic circuit by 
‘ausing interruptions in the electric currents of sufficient frequency 
to produce musical tones, transmitting said tones through an elee- 
tric current composed in part of animal tissue, and reproducing 
them at the receiving end of the line by means of a resonant body, 
which is also a conductor of electricity, substantially set forth. 

2. The electro-harmonic telegraph apparatus hereinbefore set 
forth, consisting of the combination of a telegraph circuit composed 
in part of animal tissue,a circuit breaker capable of producing a 
musical tone, and a resonant conductor of electricity capable of re- 
producing that tone at the receiving end of the circuit. 

3. The combination, substantially as hereinbefore set forth, of a 
telegraphic circuit composed in part of anima! tissue, a resonant re- 
ceiver, which is also a conductor of electricity, a series of circuit 
breakers capable of producing musical tones of different pitch, and 
a corresponding series of keys for throwing the circuit breakers into 
or out of operation, whereby several tones simultaneously may be 
transmitted through a single wire. 

EuisHa GRay. 
Witnesses : 
Wm. J. PryTon. 
EK. C. Davipson. 
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second, the tone given forth is that known as the “ fundamental C,” 
while one hundred and twenty-eight terminal secondary currents or 
impulses will be induced in the secondary circuit of the induction 
apparatus, and transmitted through the animal tissue above men- 
tioned, forming part of said circuit, to the resonant receiver, and 
will, from some cause not understood or explicable in the present 
stage of the art, vibrate the same synchronously with the transmit- 
ting electrotome, and thus give forth a musical tone of the same 
pitch. 

A metallic plate, stretched by metallic strings above a sounding- 
board—such, for instance, as the body of an ordinary violin—may 
be used with good effect to receive the vibrations, instead of the 
hollow cylinder above described. 

From the foregoing description it will be seen that musical tones 
produced at the transmitting stations can simultaneously be pro- 
duced at the receiving station, however distant. When two or more 
keys are simultaneously or successively depressed, corresponding 
tones will simultaneously be transmitted, thus producing harmony 
or melody. 

The interruptions in the primary circuit which cause the in- 
duced secondary currents or impulses may be produced by a me- 
chanical circuit-breaker having the requisite rapidity of motion, 
such as a revolving wheel or revolving brush ; or they may be pro- 
duced by providing the vibrating reed or reeds of an organ with 
contact points, so that, as the reed vibrates, it will transmit im- 
pulses corresponding in number per second to the number of vibra- 
tions per second of the notes sounded by the organ pipe. 

I prefer to use the impules of the induced secondary currents as 
the transmitting medium, as such use affords the most convenient 
way of obtaining electricity of high tension, which is that best 
adapted for penetrating a slightlv resisting medium, such as the 
animal tissue hereinbefore mentioned. 

The secondary coil is not essential, as the secondary circuit in- 
duced in the primary coil may be utilized for transmitting the sig- 
nals. 

My improvement enables me to operate with a very slight 
amount of current, as the battery power required to produce and 
transmit the vibrations is less than one hundredth part of the 
battery power now required to transmit signals over long land lines. 

My improved method can advantageously be substituted for the 
Morse telegraph alphabet now in general use, as an alphabet can 
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be constructed on the principle of using tones of different pitch for 
the different letters, which will admit of great rapidity of transmis- 
sion. 

By means of my improved apparatus, not only may a tune be 
transmitted by a single operator to a distant point, but the different 
parts of such tune simultaneously may be reproduced at a common 
point from different places, a separate part of the tune being played 
at each place. 

The apparatus can also advantageously be employed in studying 
acoustics and the physical theory of musie. 

The combination, with a main line, of an intermittent circuit- 
breaker, or a series thereof, each adapted to throw upon the line a 
definite number of electrical impulses per unit of time, and a key or 
keys, one for and controlling each such circuit-breaker, are not 
broadly claimed herein, as they constitute a part of the subject mat- 
ter of another application for Letters Patent of the United States, 
fied by me February 23, 1875. 

I claim as my invention: 

1. The hereinbefore described art of transmitting musical im- 
pressions or sounds telegraphically by producing musical impres- 
sions or sounds at the transmitting end of a telegraphic circuit by 
causing interruptions in the electric currents of sufficient frequency 
to produce musical tones, transmitting said tones through an elee- 
tric current composed in part of animal tissue, and reproducing 
them at the receiving end of the line by means of a resonant body, 
which is also a conductor of electricity, substantially set forth. 

2. The electro-harmonic telegraph apparatus hereinbefore set 
forth, consisting of the combination of a telegraph cireuit composed 
in part of animal tissue,a circuit breaker capable of producing a 
musical tone, and a resonant conductor of electricity capable of re- 
producing that tone at the receiving end of the circuit. 

3. The combination, substantially as hereinbefore set forth, of a 
telegraphic circuit composed in part of anima! tissue, a resonant re- 
ceiver, which is also a conductor of electricity, a series of circuit 
breakers capable of producing musical tones of different pitch, and 
a corresponding series of keys for throwing the circuit breakers into 
or out of operation, whereby several tones simultaneously may be 
transmitted through a single wire. 

ELisHa GRAY. 
Witnesses : 
Won. J. PryTon. 
K. C. Davipson. 
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purpose. The local circuit passes through the analyzing spring and \ 
‘ ‘ P ; 
its contact points to the metal lever, and thence to the instrument 


and local battery. When the analyzing spring or .reed is thrown 
into vibration the metal lever, having a rate of vibration less than 
that of the analyzing spring, is not able to follow its vibrations and 
thus preserve a continuous contact, as wouid be the case if its rate 
of vibration were as great or greater than that of the analyzing 
spring ; but is made to jar or rattle at the point of contact, and for 
all practical purposes it opens the local cirewit and holds it open 
so long as the analyzing spring continues to vibrate. When the vi- 
bration ceases the points come to rest and the circuit is re-estab- 
lished, operating a magnet in the ordinary way. 

My present invention constitutes an improvement upon the re- 
ceiver shown in the application above mentioned, and consists in 
an improved device for operating the local cireuit. 

In the accompanying drawings, which represent so much of my 
improved receiving apparatus as is necessary to illustrate the sub- 
ject-matter herein claimed, Fig. 1 is a plan or top view; Fig. 
2, a vertical transverse section there through on the line at 
of Fic. a 

The battery wires are connected with binding posts or screws 
B Bb’, C C’, mounted, as usual, upon a baseboard, A. The receiving 
apparatus is mounted upon a triangular frame, D, of metal, suitably 
secured to this base by screws or other well-known means. An or- 
dinary electro-magnet, E,is mounted upon this frame, with its 
poles at right angles to, but in the same horizontal vlane as the 
vibrating tension bar or analyzing spring I’, provided with suitable 
tension devices for regulating the pitch of the tone produced by its 
vibrations. A light metal elbow-lever, or circuit interrupter, G, 
rocks on pivots g in an insulated post, H, mounted on the metal 
frame D. The free end of this lever is provided with a platina con- 
tact point, resting on a corresponding point on the vibrating bar F. 
The elbow-lever is designed to vibrate at a slower rate than the 
analyzer spring. This rate of vibration is regulated by a small 
spiral spring, 7, one end of which is attached to the elbow-lever 
and the other is connected by a cord to a windlass, or pins, [, turn- 
ing in bearings inthe post H. ‘The main current enters the magnet 
through the wire M, and passes out through the wire M’. The local 
current consists of the wires L L’. 

In the operation the impulses transmitted through the main 
line throw the receiver or analyzing spring into vibration, and as 
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\- the elbow-lever G vibrates more slowly, the circuit is practically 
\ kept open until closed by the key, as hereinbefore explained. 

I claim : 

The combination, substantially as hereinbefore set forth, of the 
vibrating receiving spring, the elbow-lever, circuit interrupter and 
mechanism, substantially such as described, for adjusting the rate 
of vibration of said lever. 

In testimony whereof, I have hereunto subscribe my name. 

ELISHA GRAY. 


age was, 


Witnesses : 
Wma. J. PEYTON. 
E. C. Davrpson. 
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(No. 43.) Defendants’ Exhibit, ‘“‘ Gray’s Magnet Re- 
ceiver Patent.” 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN ELECTRIC TELEGRAPHS FOR TRANSMITTING MUSICAL 
TONES. 


Svecification forming part of Letters Patent No. 166,095, dated 
July 27, 1875; application filed January 19, 1875. 


To all whom it may concern 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Lllinoisghave invented a certain new and useful 
Apparatus for Transmitting Musical Impressions or Sounds Tele- 
graphically, of which I hereby declare the following to be a full, 
clear, and exact description : 

My invention relates to what I term an “ electro-harmonic tele- 
graph,” and is based upon the fact well known to electricians that 
an electro-magnet elongates under the action of the electric current, 
and contracts again when the current ceases. Consequently, a suc- 
cession of impulses or interruptions will cause the magnate to vi- 
brate, and if these vibrations be of sufficient frequency a musical 
tone will be produced, the pitch of which will depend upon the 
rapidity of the vibrations. 

I have discovered that by interrupting an electric current at the 
transmitting end of a line with sufficient frequency to produce a 
musical tone by an instrument vibrated by said interruptions, and 
transmitting the impulses thus induced to an electro-magnet at the 
receiving end of the line, the latter will vibrate synchronously with 
the transmitting instrument and thus produce a musical tone or 
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note of a corresponding pitch. The object of my invention is to 
utilize this discovery for the transmission of intelligible signals to a 
distance by electricity ; to which end my improvement consists in 
the combination of a telegraphic circuit, a series of circuit breakers 
capable of producing musical tones of different pitch, a series of 
keys for simultaneously or successively throwing said cireuit-break- 
ers into or out of operation, and an electro-magnet receiver which is 
thrown into operation by the transmitter, whereby tones of different 
pitch may be reproduced at the receiving end of the line by the use 
of a single circuit. 

In the accompanying drawings, Figure 1 shows a plan view of the 
transmitting part of my improved apparatus, the receiver appear- 
ing in perspective. Fig. 2 is a view, in perspective, of the trans- 
mitter. 

The transmitting apparatus is mounted upon a base-board A, as 
usual. The induction coil B has the usual primary and secondary 
circuits. An ordinary automatic electrotome C has a circuit-closing 
spring ¢, SO adjusted as, when in action, to produce a musical tone 
according to its length, thickness, and adjustment. A common tele- 
eraph key, D, is placed in the primary circuit to make or break the 
battery connection. In the drawings I have shown two electrotomes 
of identical construction, but of different pitch, and two keys, both 
the keys and electrotomes being placed in the primary cireuit, which 
is so divided that part of the circuit p#ses through each key and 
its corresponding electrotome. ‘The number of electrotomes may 
be increased, so that tomes extending through two or more octaves 
may be produced. An ordinary electro-magnet is provided at the 
receiving end of the line. 

The operation of the apparatus is as follows: In the arrange- 
ment shown in the drawings when a key is closed the primary cir- 
eult will pass from the battery H through that key and its corre- 
sponding electrotome, and will be automatically interrupted in the 
usual manner. The spring of the electrotome will thus be caused 
to vibrate rapidly and to produce a tone, the pitch of which is de- 
termined by the rate of vibration. It is obvious that several keys 
may be depressed simultaneously. These vibrations or interruptions 
of the current will simultaneously produce in the secondary circuit 
of the induction coil a series of induced currents o¥ impulses cor- 
responding in-number with the vibrations of the electrotome, and 
as the receiving electro-magnet is connected with this circuit it will 
be caused to vibrate, thus producing a tone of corresponding pitch, 
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the sound of which may be intensified by the use of a hollow ecylin# \ \ 


der, S, of metal, placed on the poles of the magnet. 

When a single electrotome is thrown into action, its correspond- 
ing tone will be reproduced on the sounder by the magnet. When 
electrotomes of different pitch are successively operated their tones 
will be correspondingly reproduced by the receiver, and when two 
or more electrotomes are simultaneously sounded, the tone of each 
will still be reproduced without confusion on the sounder, by which 
means I am enabled to reproduce melodies or tunes. 

Mechanical circuit breakers might be substituted for the auto- 
matie vibrating electrotome, hereinbefore described, and I have, in 
fact, used such mechanical circuit breakers of various construction, 
but I found the electrotome more satisfactory in practice. 

In this instance the receiver is shown and described as operated 


by the induced current of the secondary coil; but the secondary or 


extra current of a primary coil, may be used instead thereof with 
good effect. 

My apparatus is specially adapted to telegraphing on long land 
and submarine lines. By it letters and signals can be represented 
by tones differing in pitch; or the ordinary Morse signals can be 
made by short and long interruptions in a prolonged tone of the 
same pitch ; thus securing great rapidity of transmission. 

An application for Letters Patent of the United States, filed by 
me April 18, 1874, shows an apparatus somewhat similar to the one 
herein described, for transmitting musical tones through animal tis- 
sue to a resonant electrical receiver. I do not, therefore, claim 
herein anything there shown. Neither do I claim herein the com- 
bination, with the main line, of an intermittent circuit-breaker, or 
a series thereof, each adapted to throw upon the line a definite 
number of electrical impulses per unit of time, and a key or keys, 
one for and controlling each such circuit-breaker, as it constitutes 
the subject matter of another application filed by me February 23, 
1875. The combination of a telegraphic circuit and automatic cir- 
cuit-breaker capable of producing a musical tone, and an electro- 
magnet receiver which produces the tone by being thrown into vi- 
bration by impulses generated by the cireuit-breaker is not broadly 
claimed herein, as this combination constitutes a part of the subject 
matter of said application, also 

I claim as my own invention— 

The combination of a telegraphic circuit, a series of circuit- 
breakers capable of producing musical tones of different pitch, a 


/ 
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series of keys for simultaneously or successively throwing said cir- 
cuit-breakers into or out of operation, and an _ electro-magnet 
receiver, which is thrown into operation by the transmitters, where- 
by tones of different pitch may be reproduced at the receiving end 
of the line by the employment of a single circuit. 
ELISHA GRAY. 

Witnesses : 

EK. C. Davipson, 

Wa. J. PEYTON. 


‘“‘ MAGNET RECEIVER RE-ISSUE, ART DIVISION.” 143 


(No. 43a.) Defendants’ Exhibit, ‘Magnet Receiver’); 


Re-Issue, Art Division.” 


e 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 10.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 
YORK CITY. 

IMPROVEMENT IN ART OF ‘TRANSMITTING MusIcAL IMPRESSIONS OR 

Sounps 'TELEGRAPHICALLY. 


Specification forming part of Letters Patent, No. 166,095, dated 
July 27, 1875: re-issue No. 8,558, dated January 28, 1879; 
application filed May 7, 1878. 


DIvIsion A. 


To all whom it may concern : 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of [llinois, have invented certain new and useful 
improvements in the art of transmitting musical impressions or 
sounds telegraphically, of which improvements I hereby declare the 
following to be a full, clear, and exact description. 

My invention relates to what I term an “ Electro Harmonic Tele- 
graph,” and is based upon the fact, well known to electricians, that 
an electro-magnet elongates under the action of an electric current, 
and contracts again when the current ceases; consequently a suc- 
cession of impulses or interruptions will cause the magnet to vibrate, 
and if these vibrations be of sufficient frequency a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 

My improvements are based upon the discovery above men- 
tioned. 

The subject-matter claimed will hereinafter specifically be des- 
ignated. 

In the accompanying drawings Fig. 1 represents an arrangement 
upon circuit of apparatus which I use for the objects carrying out 
of my invention, the transmitting part of the apparatus, being shown 
in plan, and the receiver in perspective. Fig. 2 represents a view 
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in elevation of the transmitting apparatus. Fig. 3, an end view 
thereof, and Fig. 4, a detailed view of one of the rheotomes. 

In the apparatus shown I make use of induced currents from 
either a primary Or secondary coil for affecting the vibrating bar or 
core of an electro-magnet, and cause the necessary succession of 
said currents by interruption in the primary circuit made by an au- 
tomatic or mechanical circuit-breaker. 

The transmitting apparatus is mounted upon a suitable frame or 
base, A. An ordinary induction coil, B, has the usual primary and 
secondary circuits @4. Automatic vibrating electrotomes C C’, of 
the usual construction, have their vibrating circuit-closing springs 
C so adiusted that when in action they produce musical tones which, 
from the difference in adjustment and the length and thickness 
of the springs, are of different pitch. A common telegraph key, D, 
1s placed in the primary circuit to make or break the battery-con- 
nections. 

In the drawings I have shown two electrotomes of identical con- 
struction, but of different pitch and two keys. Both the keys and 
electrotomes are in the primary circuit, which is so divided that 
part of the circuit passes through each key and its corresponding 
electrotome. The number of electrotomes may be increased, so that 
tones extending through two or more octaves may be produced. 

At the receiving-station an electro-magnet, E, or a coil of wire 
surrounding a bar of iron, is placed in circuit. A hollow box, drum, 
cylinder, or resonator, S, of metal, is placed on the poles of the mag- 
net. This resonator, it will be observed, iS composed of a circum- 
ferential band, having two end walls, disks or diaphragms, one of 
which rests upon the magnets, constituting an armature therefor, 
and vibrating in unison therewith, while the other is perforated with 
S-shaped openings, something like the sounding-board of a violin, 
thus constituting what I call a “ common-receiver ”"—that is, one 
capable of responding to or reproducing all kinds of tones. 

The operation of the apparatus is as follows: Under the ar- 
rangement shown in the drawings when the key is closed the pri- 
mary circuit will pass from the battery, M B, through the wires «, the 
key, and its corresponding electrotome, and will be automatically 
interrupted in the usual manner. The spring of the electrotome 
will thus be caused to vibrate rapidly and to produce a tone, the 
pitch of which is determined by the rate of vibration. 

[t is obvious that several keys may be closed or depressed si- 
multaneously. 


i . 
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- The rhythmical impulses, vibrations, or interruptions of the cur- 
‘rent representing the tones will simultaneously produce in a sec- 
.ondary circuit 4, of the induction coil, a series of induced currents, 


al a 


impulses or vibrations, corresponding in number with the vibrations 
of the electrotomes, and as the receiving electro-magnets, E, is con- 
nected with this current it will be caused to vibrate correspondingly, 
thus producing a tone or tones of corresponding pitch with those re- 

ceived from the transmitting apparatus. 

These tones are audibly reproduced and their sound intensified 
by the use of the hollow box, cylinder, sound intensifying chamber, 
or resonator, S, above mentioned. 

The circuit may obviously be extended to any distance desired 
from the transmitting station. 

When a single electrotome is thrown into vibration its corre- 
sponding tone will be reproduced on the sounder or resonator, S, by 
the magnet. When electrotomes of different pitch are successfully 
operated, their tones will be correspondingly reproduced by the re- 
ceiver or resonator; and when two or more electrotomes are simul- 
taneously sounded the tone of each will still be reproduced without 
confusion on the sounder or resonator, by which means I am enabled 
to reproduce composite tones, melodies, or tunes. 

ed Mechanical circuit-breakers may be substituted for the auto- 
matically vibrating electrotomes hereinbefore described. I have, in 
fact, used such mechanical cireuit-breakers of various construc- 
tion; but I have found the electrotome more satisfactory in prac 
tice. 

In this instance the receiver is shown and described as operated 
by the induced current of the secondary coil; but the secondary or 
extra current of the primary coil may be used instead thereof with 


good eftect. 


The above described apparatus is especially adapted to telegraph 

) on long land and submarine lines. Jy it letters and signals can be 
represented by tones differing in pitch; or the ordinary Morse sig- 
nals can be made by short and long interruptions in the prolonged 
tone of the same pitch, thus insuring great rapidity of trans- 

de mission. | 

I do not claim herein the apparatus itself, as that forms the sub- 
ject-matter of another division of this application filed simultane- 

| ' ously herewith. 


| . Letters Patent of the United States No. 166,096, granted to me 
July 27, 1875, on an application originally filed April 18, 1874, show 
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an apparatus somewhat similar to the one herein described for 
transmitting musical tones through an electric circuit composed in 
part of animal tissue, and a resonant metallic receiver, but without 
the intervention of a magnet. I do not, therefore, claim herein 
anything shown in said patent. Neither do I claim herein the com- 
bination, with a main line, of an intermittent circuit-breaker, or a 
series thereof, each adapted to throw upon the line a definite num- 
ber of electrical impulses per unit of time, and a key or keys, one 
for and controlling each of said circuit-breakers, as such combina- 
tion constitutes the subject matter of another application for Let- 
ters Patent of the United States, filed by me February 23, 1875. 

The combination of a telegraphic circuit, an automatic circuit- 
breaker capable of producing a musical tone, and an electro-magnet 
receiver for reproducing the tone by being thrown into vibrations 
by impulses generated by the circuit-breaker is not broadly claimed 
herein, as this combination constitutes a part of the subject matter 
of my said application also; but neither of the said applications 
above mentioned show a disk or diaphragm of metal, or a sound- 
intensifying chamber or resonator in combination with a magnet. 

I claim as of my own invention : 

1. The hereinbefore described novel art, method or system of 
audibly and simultaneously reproducing upon the metal disk or 
diaphragm of the receiver (through the intervention of the electro- 
magnet included in the electric circuit), two or more series of rhyth- 
mical impulses or vibrations representing musical impressions, or 
sounds, or composite tones. 

2. The hereinbefore described novel art, method, or system of 
intensifying in the resonator composite tones produced bv the con- 
joint operation of the electro-magnet included in the electric circuit, 
and the disk or diaphragm of metal vibrating in unison therewith. 

3. The hereinbefore described novel art, method or system of 
simultaneously transmitting two or more series of rhythmical im- 
pulses or vibrations representing composite tones through the elec- 
tric circuit, and reproducing them through the intervention of the 
magnet, and the disk or diaphragm of metal vibrating in unison 
therewith at the receiving end of the line. 

4. The hereinbefore described novel art, method or system of 
simultaneously reproducing in the electric circuit two or more ser- 
ies of rhythmical impulses or vibrations representing musical im- 
pressions or sound, or composite tones by the conjoint operation 
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of the disk or diaphragm of metal, vibrated in unison with the 
electro magnet by induced currents of electricity. 
In testimony whereof, I have hereunto subscribed my 
name. 
ELISHA GRAY. 


Witnesses : 
A. G. SWARTWOUT, 
D. M. ERSKINE, JR. 


o 
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ELISHA GRAY. OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS. TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 
YORK CITY. 

[MPROVEMENT IN APPARATUS FOR TRANSMITTING MuvsICcAL IMPRESSIONS 

oR Sounps 'TELEGRAPHICALLY. 


Specification forming part of Letters Patent No. 166,095, dated July 
27,1875; Re-issue No. 8559, dated January 28, 1879; applica- 
tion filed May 7, 1878. 


Division B. 
To all whom it may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
apparatus for transmitting musical impressions or sounds tele- 
graphically, of which I hereby declare the following to be a full, 
clear and exact description. 

My invention relates to what I term an 


‘ 


‘electro-harmonic tele- 
graph,” and is based upon the fact, well known to electricians, that 
an electro-magnet elongated under the action of an electric current 
and contracts again when the current ceases; consequently a suc- 
cession of impulses or interruptions will cause the magnet to vibrate, 
and if these vibrations be of sufficient frequency a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 

The object of my present invention is to utilize this discovery 
for the transmission of intelligible signals to a distance by elec- 
tricity, which ends I attain, first, by employing a diaphragm or disk 
of metal (capable of responding to all kinds of tones), vibrating 
in unison with an electro-magnet included in an electric circuit, to 
reproduce audibly rhythmical impulses or vibrations representing 
musical impressions or sounds, or tones transmitted through said 
circuit ; second, by employing a sound-intensifying chamber or re- 
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sonator, having a disk or diaphragm responsive to rhythmical im- 
pulses or vibrations representing musical impressions or sounds, 
whereby said rhythmical impulses or vibrations are intensified and 
rendered audible ; third, by combining an electric circuit, a sound- 
intensifying chamber or resonator, and a metal disk or diaphragm, 
acted upon through the intervention of an electro-magnet included 
in the circuit, to intensify and render audible rhythmical impulses 
or vibrations representing musical impressions or sounds produced 
in said magnet ; fourth, by employing induced currents to repro- 
duce upon a disk or diaphragm of metal (through the intervention 
of a magnet) rhythmical vibrations representing musical impres- 
sions or sounds ; fifth, by employing a transmitter consisting of a 
coil or helix inducing rhythmical electric impulses or vibrations in 
an electric circuit without interrupting its continuity, and a re- 
ceiver consisting of an electro-magnet having a metal disk or dia- 
phragm for its armature ; sixth, by combining a telegraphic circuit, 
-a series of circuit-breakers cavable of reproducing musical notes of 
different pitch, aseries of keys for throwing said circuit-breakers 
into or out of operation, and an electro-magnet receiver vibrated by 
the transmitters. : 

In the accompanying drawings, Figure 1 represents an arrange- 
‘ment upon circuit of apparatus which I use for carrying out the 
: objects of my invention, the transmitting part of the apparatus be- 
‘ing shown in plan and the receiver in perspective ; and Fig. 2 rep- 
resents a view in elevation of the transmitting apparatus; Fig. 3, 
an end view thereof, and Fig. 4 a detailed view of one of the rhoo- 
tomes. 

In the apparatus shown I make use of induced currents from 
either a primary or secondary coil for affecting the vibrating bar or 
core of an electro-magnet, and cause the necessary succession of 
said currents by interruption in the primary circuit made by an 
automatic or mechanical circuit-breaker. 

The transmitting apparatus is mounted upon a suitable frame 
or base, A. An ordinary induction coil B has the usual primary 
and secondary circuits a4. Automatic vibrating electrotomes C C}, 
of the usual construction, have their vibrating circuit-closing springs 
e so adjusted that when in actionthey produce musical tones, which, 
from the difference in adjustment and the length and thickness of 
the springs, are of different pitch. A common telegraph key D, is 
placed in the primary circuit, to make or break the battery connec- 
tion. 
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In the drawings I have shown two electrotomes of identical con- 
struction, but of different pitch, and two keys. Both the keys and 
electrotomes are in the primary circuit, which is so divided that 
part of the circuit passes through each key and its corresponding 
electrotome. The number of electrotomes may be increased so that 
tones extending through two or more octaves may be produced. 

At the receiving station an electro-magnet E is placed in cireuit. 
A hollow box, drum, cylinder or resonator §, of metal, is placed on 
the poles of the magnet. This resonator, will be observed, is com- 
posed of a circumferential band, having two end walls, disks or dia- 
phragms, one of which rests upon the magnets, constituting an 
armature therefor, and vibrating in unison therewith, while the 
other is perforated with S-shaped openings somewhat like the 
sounding board of a violin, thus constituting what I call a “ com- 
mon receiver ’—that is, one capable of responding to or reproduc- 
ing tones of all kinds. 

The operation of the apparatus is as follows: Under the arrange- 
ment shown in the drawings, when a key is closed, the primary cir- 
cuit will pass from the battery M B, through the wires a, the key 
and its corresponding electrotome, and will be automatically inter- 
rupted in the usual manner. The spring of the electrotome will 
be caused to vibrate rapidily and to produce a tone the pitch of 
which is determined by the rate of vibration. Itis obvious that 
several keys may be closed or depressed simultaneously. The 
rhythmical impulses, vibrations or interruptions of the current rep- 
resenting the tones will simultaneously produce in the secondary 
circuit 4 of the induction coil, a series of induced currents, im- 
pulses or vibrations, corresponding in number with the vibrations of 
the electrotome; and, as the receiving electro-magnet E is con- 
nected with this curcuit, it will be caused to vibrate correspond- 
ingly, thus producing atone or tones of corresponding pitch with 
those received from the transmitting apparatus. These tones are 
audibly reproduced and their sound intensified by the use of the 
hollow box, cylinder, sound intensifying chamber or resonator 
above mentioned. The circuit may obviously be extended to any 
distance desired from the transmitting station. 

When a single electrotome is thrown into vibration, its corre- 
sponding tone will be reproduced on the sounder or resonator S by 
the magnet. When electrotomes of different pitch are successively 
operated their tones will be correspondingly reproduced by the re- 
ceiver, and when two or more electrotomes are simultaneously 
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sounded the tone of each will still be reproduced without confusion 
in the sounder or resonator 8, by which means I am enabled to re- 
produce composite tones, melodies or tunes. 

Mechanical circuit-breakers may be substituted for the automat- 
ically vibrating electrotomes hereinbefore described. I have, in 
fact, used such mechanical circuit-breakers of various construction, 
but I have found the electrotome more satisfactory in practice. In 
this instance the receiver is shown and described as operated by the 
induced current of the secondary coil, but the secondary or extra 
current of the primary coil may be used instead thereof with good 
effect. 

The above described apparatus is especially adapted to telegraph 
on long land and submarine lines. By it letters and signals can be 
represented by tones differing in pitch; or the ordinary Morse 
signals can be made by short and long interruptions in a prolonged 
tone of the same pitch thus insuring great rapidity of transmission. 

I do not broadly claim herein an art, method, or system of 
transmitting musical impressions or sounds telegraphically, as that 
constitutes the subject-matter of another division of this application 
filed herewith. 

Letters Patent of the United States No. 166,096, granted to me 
July 27,1875 (on an application originally filed April 18, 1874), 
show an apparatus somewhat similar to the one herein described, 
for transmitting musical tones through an electric circuit composed, 
in part, of animal issue and a resonant metallic receiver, but without 
the intervention of a magnet. I do not, therefore, claim herein any- 
thing shown in said application. Neither do I claim herein the 
combination, with a main line, of an intermittent circuit-breaker or 
a series thereof, each adapted to throw upon the line a definite 
number of electrical impulses per unit of time, and a key or keys, 
one for, and controlling each of, said circuit-breakers, as such com- 
bination constitutes the subject-matter of another applheation for 
letters patent of the United States, filed by me February 23, 1875. 

The combination of a telegraph circuit, an automatic circuit- 
breaker capable of producing a musical tone, and an electro-magnet 
receiver for reproducing the tone by being thrown into vibration? 
by impulses generated by the circuit-breaker is not broadly claimed 
herein, as this combination constitutes a part of the subject-matter 
of my said application also. 

But neither of the said applications above mentioned shows a 
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\ \ diaphragm or a sound intensifying chamber or resonator in com- 
a. j . . . 
J V \ bination with a magnet. 
5 . . . 
! I claim as of my own invention : 


1. The diaphragm or disk of metal, capable of responding to all 
kinds of tones, vibrating in unison with the electro magnet included 
in the electric circuit, substantially as set forth. 

2. The sound intensifying chamber or resonator, having a disk 
or diaphragm of metal, responsive to rhythmical responses or vibra- 
tions representing musical impressions or sounds produced in the 
electric circuit through the intervention of the electro-magnet, sub- 
stantially as set forth. 

3. In combination, the electric circuit, the sound intensifying 
chamber or resonator, the diaphragm or disk of metal, and the 
electro-magnet, the two latter vibrating responsively to rhythmical 
impulses or vibrations representing musical impressions or sounds 
transmitted through said circuit, substantially as set forth. 

4. In combination, the primary circuit, the seconday circuit, the 
electro-magnet, and the disk or diaphragm of metal, responsively 
vibrated by induced currents of electricity to reproduce rhythmical 
impulses or vibrations representing musical impressions or sounds, 


substantially as set forth. 

5. In combination, the transmitter consisting of a coil or helix, 
whereby rhythmical electrical impulses or vibrations may be induced 
in the telegraphic circuit without interrupting the continuity of the 
same, and the receiver consisting of the electro-magnet, having ‘the 
metal disk or diaphragm for its armature, these being arranged to 
vibrate in unison with each other, and with the impulses or vibra- 
tions proceeding from the transmitting or inducing coil, substantially 
as set forth. 

6. Incombination, a telegraphic circuit, a series of circuit-breakers, 
capable of producing musical tones of different pitch, a series of 
keys for throwing said circuit-breakers into or out of operation, and 
an electro-magnet receiver which is thrown into vibration by the 
transmitters, whereby tones of different pitch may be reproduced 
at the receiving end of the line by the employment of a single cir- 

¢ cuit, substantially as set forth. | 
In testimony whereof, I have hereunto subscribed my 


| name. 

| | ELISHA Gray. 
| Witnesses : 

| A. G. SWARTWOUT, 

| D. M. ERSKINE, JR. 
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N \ \ diaphragm or a sound intensifying chamber or resonator in com- 
4 e ‘ ° ee? 
i \ \ bination with a magnet. 
% ° . . 
/ I claim as of my own Invention : 


1. The diaphragm or disk of metal, capable of responding to all 
kinds of tones, vibrating in unison with the electro magnet included 
in the electric circuit, substantially as set forth. 

2. The sound intensifying chamber or resonator, having a disk 
or diaphragm of metal, responsive to rhythmical responses or vibra- 
tions representing musical impressions or sounds produced in the 
electric circuit through the intervention of the electro-magnet, sub- 
stantially as set forth. 

3. In combination, the electric circuit, the sound intensifying 
chamber or resonator, the diaphragm or disk of metal, and the 
electro-magnet, the two latter vibrating responsively to rhythmical 
impulses or vibrations representing musical impressions or sounds 
transmitted through said circuit, substantially as set forth. 

4. In combination, the primary circuit, the seconday circuit, the 
electro-magnet, and the disk or diaphragm of metal, responsively 
vibrated by induced currents of electricity to reproduce rhythmical 
impulses or vibrations represeating musical impressions or sounds, 


substantially as set forth. 

5. In combination, the transmitter consisting of a coil or helix, 
whereby rhythmical electrical impulses or vibrations may be induced 
in the telegraphic circuit without interrupting the continuity of the 
same, and the receiver consisting of the electro-magnet, having ‘the 
metal disk or diaphragm for its armature, these being arranged to 
vibrate in unison with each other, and with the impulses or vibra- 
tions proceeding from the transmitting or inducing coil, substantially 
as set forth. 

6. In combination, a telegraphic circuit, aseries of circuit-breakers, 
capable of producing musical tones of different pitch, a series of 
keys for throwing said circuit-breakers into or out of operation, and 
an electro-magnet receiver which is thrown into vibration by the 
transmitters, whereby tones of different pitch may be reproduced 
at the receiving end of the line by the employment of a single cir- 

e cuit, substantially as set forth. 
In testimony whereof, I have hereunto subscribed my 


name. 
ELISHA GRAY. 
Witnesses : 
A. G. SWARTWOUT, 
D. M. ERsKINE, JR. 
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DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 


To all persons to whom these presents shall come, Greeting : 


This is to certify that the annexed is a true copy from files of this 
office of the Caveat of Elisha Gray, filed Feb. 14, 1876, for “ Art of 
Transmitting Vocal Sounds Telegraphically.” 

_In testimony whereof, I, W. H. Doolittle, acting Com- 
missioner of Patents, have caused the seal of the 
Patent Office to be hereunto affixed this twenty- 
[SEAL] eighth day of March, in the year of our Lord one 
thousand eight hundred and seventy-eight, and of 
the Independence of the United States the one 
hundred and second. 
W. H. Doo.irrte, 
Acting Commissioner. 


ELISHA GRAY. 
UNITED STATES PATENT OFFICE. 
SPECIFICATION. 


Lo all whom it may concern: 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented a new art of transmitting 
vocal sounds telegraphically, of which the following is a specifica- 
tion. 

It is the object of my invention to transmit the tones of the 
human voice through a telegraphic circuit, and reproduce them at 
the receiving end of the line, so that actual conversations cau be 
carried on by persons at long distances apart. 
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I have invented and patented methods of transmitting musical 
impressions or sounds telegraphically, and my present invention 1s 
based upon the modification of the principle of said invention, which 
is set forth and described in letters patent of the United States, 
seranted to me July 27, 1875, respectively numbered 166,095 and 
166,096, and also in an application for letters patent of the United 
States, filed by me February 23, 1875. 

To attain the objects of my invention, I devised an instrument 
capable of vibrating responsively to all the tones of the human 
voice, and by which they are rendered audible. 

In the accompanying drawings I have shown an apparatus em- 
bodying my improvements in the best way now known to me, but I 
contemplate various other applications, and also changes in the 
details of construction of the apparatus, some of which would ob- 
viously suggest themselves to a skillful electrician, or a person versed 
in the science of acoustics, on seeing this application. 

Figure 1 represents a vertical central section through the trans- 
mitting instrument. 

Fig. 2. A similar section through the receiver; and 

Fig. 3. A diagram representing the whole apparatus. 

My present belief is, that the most effective method of providing 
an apparatus capable of responding to the various tones of the hu- 
man voice, isa tympanum, drum or diaphragm, stretched across 
one end of the chamber, carrying an apparatus for producing fluc- 
tuations in the potential of the electric current, and consequently 
varying in its power. 

In the drawings, the person transmitting sounds, is shown as 
talking into a box, or chamber, A, across the outer end of which is 
stretched a diaphragm a, of some thin substance, such as parch- 
ment or gold beater’s skin, capable of responding to all the vibra- 
tions of the human voice, whether simple or complex. Attached to 
this diaphgram is a light metal rod A’, or other suitable conductor 
of electricity, which extends into a vessel B made of glass or other 
insulating material, having its lower end closed by a plug, which 
may be of metal, or through which passes a conductor 3, forming 
part of the circuit. This vessel is filled with some liquid possessing 
high resistance, such, for instance, as water, so that the vibrations 
of the plunger or rod A’ which does not quite touch the conductor, 
will cause variations in resistance and consequently, in the potential 
of the current passing through the rod A’, 

Owing to this construction, the resistance varies constantly, in 
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response to the vibrations of the diaphragm, which although ir- 
regular, not only in their amplitude, but in rapidity, are neverthe- 
less transmitted, and can, consequently, be transmitted through a 
single rod, which could not be done with a positive make and break 
of the circuit employed, or where contact points »re used. 

I contemplate, however, the use of a series of diaphragms in a 
common vocalizing chamber, each diaphragm carrying an independ- 
ent roe, and responding to a vibration of different rapidity and in- 
tensity, in which case, contact points mounted on other diaphragms 
may be employed. 

The vibrations thus imparted are transmitted through an electric 
circuit to the receiving station, in which circuit is included an elec- 
tro-magnet of ordinary construction, acting upon a diaphragm to 
which is attached a piece of soft iron, and which diaphragm is 
stretched across a receiving vocalizing chamber c, somewhat similar 
to the corresponding vocalizing chamber A. — 

The diaphragm at the receiving end of the line is thus thrown 
into vibration corresponding with thoseat the transmitting end, and 
audible sounds or words are produced. 

The obvious practical application of my improvement will be to 
enable persons at a distance to converse with each other through a 
telegraphic circuit, just as they now do in each other’s presence, or 
through a speaking-tube. 

I claim as my invention, the art of transmitting vocal sounds or 
conversations telegraphically through an electric circuit. 

ELisHa GRAY. 
Witnesses : 
Wm. J. Peyton, 
Wa. D. Batpwiy. 


STATE OF 
County of > SS: 
District of Cohentia,4 


Evisua Gray, the within named petitioner, being duly sworn, doth 
depose and say, that he verily believes himself to be the original and 
first inventor of the Art of Transmitting Vocal Sounds described in 
the foregoing specification ; that he does not know or believe that 
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\ the same was ever before known or used ; and that he is a citizen of 


. the United States. 
ELIsHA GRAY. 
Subseribed and sworn to 
before me this 14th day of 
February, A. D. 1876. ‘ 
[SEAL.| JoHNn T ARMs, 
Notary Public. 


To the Commissioner of Patents : 

The petition of Elisha Gray, of Chicago, in the County of Cook 
in the State of Illinois, respectfully represents, that he has made 
certain improvements in the Art of Transmitting Vocal Sounds 
telegraphically, and that he is now engaged in making experiments 
for the purpose of perfecting the same, preparatory to applying for 
letters patent therefor. 

He therefore prays that the subjoined description of his inven- 
vention may be filed as a caveat in the confidential archives of the 
Patent Office. 

FuisHa GRAY. 


Patent Office, 
Feb. 14, 1876. 
i 2 ae 


(Official Stamp.) 


Copy sent DEPARTMENT OF THE INTERIOR, 
Feb. 19, U.S. Parent Office, 
S. R. A. Wasuinaton, D. C., Feb’y 19, 1876. 


Str—You are hereby notified that application has been made to 
this office for letters patent for Telephonic Telegraph, &c., with 
which the invention described in your caveat, filed on the 14th day 
of February, 1876, apparently interferes, and that said application 
has been deposited in the confidential archives of the office under 
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provision of Section 4902 of the Revised Statutes of the United 
States, which section reads as follows: 

Section 4902. Any citizen of the United States who makes any 
new invention or discovery, and desires further time to mature the 
same, may, on payment of the fees required by law, file in the Pat- 
ent Office a caveat, setting forth the design thereof, and of its dis- 
tinguishing characteristics, and praying protection of his right un- 
til he shall have matured his invention. Such caveat shall be filed 
in the confidential archives of the office and preserved in secrecy, 
and shall be operative for the term of one year from the filing there- 
of, and if application is made within the year by any other person 
for a patent with which such caveat would in any manner interfere, 
the Commissiener shall deposit the description, specification, draw- 
ings and model of such application in ike manner in the confiden- 
tial archives of the office, and give notice thereof, by mail, to the 
person by whom the caveat was filed. If such person desires to 
avail himself of his caveat he shall file his description, specification, 
drawings and model within three months from the time of placing 
the notice in the post office in Washington, with the usual time re- 
quired for transmitting it to the caveator added thereto; which 
time shall be endorsed on the notice. An alien shall have the priv- 
ilege herein granted if he has resided in the United States next 
preceding the filing of his caveat, and has made oath of his inten- 
tion to become a citizen. 

If you would avail yourself of your caveat it will be necessary for 
you to file a complete application within three months fom date, 
three days additional, however, being allowed for the transmission 
of this notice to your place of residence. 

Very respectfully, 
R. H. DvE Lt, 
Commissioner. 
ELISHA GRAY, 
Care W. D. Baldwin, 


Present. 
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EXAMINER'S Room No. 118, 
U. S. Patent OFFICE, 
Wasuineaton, D. C., Feb. 19, 1876. 


E. Gray, 
Care W. D. Baldwin: 


In relation to the foregoing notice in relation to your caveat it 
may be well to add that the matters in the App’n referred to seem 
to conflict with your caveat in these particulars, viz.: 

1st. The receiver set into vibration by undulatory currents. 

2d. The method of producing the undulations by varying the re- 
sistance of the circuit. 

3d. The method of transmitting vocal sounds telegraphically by 
causing these undulatory currents, &e. 


Z. F. WILBur, 


Examiner. 
Copy sent EXAMINER'S Room No. 118, 
Feb. 25. U.S. Parent OFFIce, 
S. R. A. Wasuineton, D. C., Feb. 25, 1876. 


E. GRAY, 
Care W. D. Baldwin, Present : 


Caveat for Art of Transmitting Vocal Sounds Telegraphically. 
Feb. 14, 1876. 
The notice to complete having been given under a misapprehen- 
sion of the rights of the parties, is hereby withdrawn. 
Z. '. WILBER, 


Examiner. 


$10 Mail. 
MEMORANDUM OF FEE PAID AT U. S. PATENT OFFICE. 
. Paper will be filed to-day. 


Inventor, 


EK. GRAY. 


Cee me 
nr 


CAVEAT. 
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Invention. 
Transmitting Vocal Sounds Telegraphically. 
Date of Payment, 
Feby. 14, 1876. 
Fee, 
$10. 
Solicitor, 
Wm. D. Baldwin. 
Patent Office, 
Feb. 14, 1876. 

U.S. A. 
(Official Stamp.) 


1876. 


CAVEAT. Wilbur, 48. 


ELIsHa GRAY, 
Of Chicago, County of Cook, State of [linois. 
Art of Transmitting Vocal Sounds Telegraphically. 


Ree’d, Feb. 14, 1876. 
Petition, sale dlc 
Affidavit, -— =. % 
Specification, “ “ “ 
Drawing within, ““ “ “ 
Model, lee 
Cert. dep. sa Mg 
1 cash, $10, Feb. 14, 1876. 
Circular, a 
2. eh Ae 
3. haiti 


W. D. Batpwry, 


Present. 


1. Letter to Caveator, Feby. 19, 1876. (Notice to complete.) 
2. Letter, Feby. 25, 1876. 
Simmons 
VS. 
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Copy sent | DEPARTMENT OF THE INTERIOR, 
Sept. 20, 1877, U. S. Patent OFFICE, 
M.E.S. WasHinatTon, D. C., Sept. 20th, 1877. 


ELISHA GRayY, 
Care Baldwin, Hopkins & Peyton, Present : 

Sir: You are hereby notified, that application has been made to 
this office for Letters Patent for Speaking Telegraph, involving the 
use of a series of diaphragms in a common vocalizing chamber, with 
which the invention described in your caveat, filed on the 14th day 
of February, 1876, renewed February 14th, 1877, apparently inter- 
feres, and that said application has been deposited in the confi- 
dential archives of the office, under provisions of Section 4902 of 
the Revised Statutes of the United States, which section reads as 
follows : 

Sec. 4902. Any citizen of the United States who makes any new 
invention or discovery, and desires further time to mature the same, 
may, on payment of the fees required by law, file in the Patent 
Office, a caveat, setting forth the design thereof, and of its distin- 
guishing characteristics, and praying protection of his right until he 
shall have matured his invention. Such caveat shall be filed in the 
confidential archives of the office and preserved in secrecy, and 
snall be operative for the term of one year from the filing thereof ; and 
if application is made within the year by any other person for a pa- 
tent with which such caveat would in any manner interfere, the Com- 
missioner shall deposit the description, specification, drawings and 
model of suchapplication in like manner in the confidential archives 
of the office, and give notice thereof by mail, to the person by whom 
the caveat was filed. If such person desires to avail himself of his 
caveat, he shall file his description, specification, drawings and model 
within three months from the time of placing the notice in the post 
office in Washington, with the usual time required for transmitting 
it to the caveator added thereto, which time shall be endorsed on 
the notice. An alien shall have the privilege herein granted, if he 
has resided in the United States one year next preceding the filing of 
his caveat, and has made oath of his intention to become a citizen. 

If you would avail yourself of your caveat, it will be necessary 
for you to file a complete application within three months from 
date, three days additional, however, being allowed for the trans- 
mission of this notice to your placa of residence. 

Very respectfully, 
‘ ELLIS SPEER, 
Commissioner of Patents. 
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MEMORANDUM OF FEE PAID AT U. S. PATENT OFFICE. 


108 
Inventor. 


ELISHA GRAY, 
Renewal of Caveat. 


Filed Feb. 14. 1876. 


Invention, 
Telegraphy. 
Date of Payment. 
Feb. 14, 1877. 
Fee, 
$10. 
Wm. D. Batpwn, 
Solicitor. 
Present. 
Patent Office, 
Feb. 14, 1877. 
U.S. A. 
(Official Stamp.] 


1877. 
48 WILBUR. 


Ist. Renewal of Caveat of Feb. 14, 1876. 


ELISHA GRAY, 
Of Chicago, County of Cook, State of Tlinois. 
Art of Transmitting Vocal Sounds Telegraphically. 
Telelogue. 
Reed. Feb. 14, 1877. 
Petition, 5 ea ia 
Affidavit, oi teetetias 
Specification, 
Drawing, 
Model, se tis 
Cert. dep., Mee eee 
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1. Cash $10, Feb. 14, 1877. 
2. Circular, 


Wm. D. Batpwn, 
Present. 


Notice to Caveator, 
Sept. 20, 1877. 


2 Sheets—Sheet 1. 


E. GRAY. 
TELEPHONIC TELEGRAPH APPARATUS. | 
No. 175,971. -Patented April 11, 1876. 
Fig f£ 
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(No. 45.) Defendants’ Exhibit, ‘‘Gray Sounding Box \A 
Receiver Patent.” 


J. A. W., Ex’r. 
[Introduced in Record, p. 11.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS. 
IMPROVEMENT IN TELEPHONIC TELEGRAPH APPARATUS. 


Specification forming part of the Letters Patent No. 175,971, dated 
April 11th, 1876. Application filed January 8th, 1876. 
10 all whom it MAY CONCETN ¢ 

Be it known, that I, EtisHa Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful im- 
provements in the Art of Transmitting Musical Sounds Telegraphi- 
cally, as well as certain new and useful improvements on apparatus 
for so transmitting such sounds, of which art and apparatus the fol- 
lowing is a specification : 

My invention relates to electro-harmonic telegraphs of the class 
shown and described in Letters Patent of the United States, granted 
to me July 27th, 1875, and respectively numbered 166,095 and 166,- 
096, and in an application for Letters Patent filed by me February 
23, 1875. 

The object of my invention is to dispense with local batteries and 
sounders, and all adjustment at the receiving end of the line, which 
end I attain by means of an apparatus which analyzes composite 
tones transmitted electrically through a wire, whereby the operator 
is enabled to read directly from the tone transmitted. 

The subject-matter claimed hereinafter specifically will be 
designated. | 

In the accompanying drawings, which show so much of ty im- 
proved apparatus as is necessary to illustrate the invention herein 
claimed, Fig. 1 is a plan or top view and Fig. 2 « side elevation, 
partly in section, of one of my improved sounders or receivers. 
Fig. 3 is a diagram showing my improved transmitting and_ recely- 
ing apparatus as adapted to the transmission of several tones simul- 
taneously. 

A resonant box, A, such as used for intensifying the sound of 
tuning forks, is shown as closed at one end. A serew bolt, D, or 
other suitable support secured upon this box, sustains an electro- 
magnet, B, of well-known construction. <A vibrating tongue or reed, 
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C, of steel is so fastened upon the support D, and is united in one 
pole of the magnet B. The free end of the reed passes close to, but 
does not touch, the other pole of the magnet. 

For convenience of removal or replacement, all the parts 
of the apparatus may be united by means of a common bolt and 
nut, E. 

The box is tuned to produce a maximum resonance of the de- 
sired tone, and the reed is accurately tuned correspondingly. Con- 
sequently, as the reed vibrates, the sound of its fundamental tone is 
intensified by the resonance of the box in accordance with well- 
known laws of acoustics. 

If, now, the electro-magnet be connected in a telegraphic circuit 
in the same way as one of my analyzers described in the application 
aforesaid, and the note be transmitted by means of one of my 


transmitters described in said application for Letters Patent, the 


note will sound in the box, provided the tone transmitted corre- 
sponds with that of the box, otherwise the note will not be heard. 
Should a second analyzer be similarly placed in the circuit and 
tuned to a different pitch and a second note of corresponding pitch 
be transmitted, it will sound in the box of corresponding pitch 
without effecting the other. The same rule holds with a larger 
number. 

[ have in practice thus analyzed and reproduced as many as 
eight different tones simultaneously transmitted through a single 
wire, and, as I have demonstrated, by using the Morse signals, eight 
messages can simultaneously be sent over each wire as rapidly as 
each operator can transmit with the common telegraphic key, the ad- 
vantages of my invention are obvious. 

I believe it, however, to be practicable simultaneously to 
transmit a number of messages even greater than that above 
mentioned. 

The reed C is made of a steel bar with parallel sides, the tuning 
being done by cutting away the sides near the fixed ends, as shown 
in the drawings. I find this construction in practice, to obviate the 
tendency of the reeds to break into notes, orto respond to notes other 
than their own, as has been the tendency of other forms of reeds 
tried by me. 

I claim as my invention— 

1. The hereinbefore described art of transmitting musical sounds 
telegraphically by reproducing such sounds at the receiving end of 
the line by means of a vibrating reed and a sounding box of cor- 
responding pitch. 


‘GRAY SOUNDING BOX RECEIVER PATENT.” 165 


2. The combination substantially, as hereinbefore set forth of 
an electro-magnet, a vibrating reed and a sounding box of cor- 
responding pitch, united at the receiving end of an electric 
circuit. 

3. The combination, substantially as hereinbefore set forth, with 
an electric circuit, of a series of electro-magnets, a series of vibrat- 
ing reeds, producing musical tones of different pitch, and a series 
of correspondingly tuned sounding boxes, whereby each box is 
caused to sound its own note while rejecting all others. 

4. The vibrating reed, constructed as hereinbefore set forth, with 
parallel sides, and with recesses near its fixed end, whereby its 
tendency to vibrate in unison with tones other than its own is pre- 
vented. 

In testimony whereof, I have hereunto subscribed my 
name. 
ELISHA GRAY. 
Witnesses : 
Enos M. Barron, 
Gro. A. BLIss. 


— 
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(No. 46.) Defendants’ Exhibit, **‘ Gray’s Closed Circuit 
Patent.” 


J. A. W., Sp. Ex’. 


[Introduced in Record, p. 11.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY OF NEW YORK 
CITY. 

IMPROVEMENT IN ELEcTRO-HARMONIC TELEGRAPHS. 

Specification forming part of Letters Patent. No. 186,340, dated 

January 16, 1877 ; application filed January 27, 1876. 


To all whom it WAY CONMCEVT C 


Be it known that I, Elisha Gray, of Chicago, in the County of 


Cook and State of Ilhnois, have invented a new and useful improve- 
ment in the art of transmitting and analyzing musical impressions 
or sounds and in apparatus for so transmitting and analyzing such 
sounds, of which the following is a specification. 

My invention more especially relates to an_ electro-harmonic 
system of multiple telegraphy heretofore invented by me, and se- 
cured by sundry Letters Patent of the United States, in which 
composite musical tones are transmitted through a single wire, and 
analyzed or separated at the receiving end of the line by vibrating 
reeds, bars or strings tuned correspondingly with the respective 
transmitters of the composite tones. 

In an application for Letters Patent of the United States, filed 
by me February 23, 1875, for transmitting musical vibrations by 
electricity, [ have shown not only the various devices for transmit- 
ting or receiving the musical impressions, but also one method of 
arranging the electric circuit for producing the desired result, in- 
cluding the relation of the main battery to the line and instruments 
at both ends, and describe the effects produced. 

[In my prior patents and application, above mentioned, the full 
force of the battery was at all times exerted upon the line ; that is 
to say, when one transmitter was employed and the others were at 
rest, it worked with the full force of the whole main battery, and 
when all the transmitters were employed, the same force was neces- 
sarily divided among them ; consequently the amplitude of the vi- 
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brations of any given tone would diminish or increase, according 
to the number of tones simultaneously sent to line, thus rendering 
analysis at the receiving end of the line more difficult. 

My present improvement contemplates the avoidance of this ob- 
jection, by insuring the transmission of tones of uniform amplitude, 
of wave, whether a greater or less number of tones be transmitted 
simultaneously, which end I attain by combining each transmitter 
with its respective section of the main battery, by a short. or shunt 
circuit, in such manner that each section is utilized for the trans- 
mission of the vibrations for its own tone, without interfering or 
drawing upon the other section of the battery, or opening the main 
circuit, and when not transmitting the unemployed sections of the 
battery flow steadily to line without affecting the workiug trans- 
mitters of the other sections. 

My improvement thus possesses two distinguishing characteris- 
tics: first, that of a main circuit always closed, and second, the 
passage through this circuit of a smooth current so to speak when 
all the transmitters are quiescent, each transmitter when in opera- 
tion throwing its respective portion of said current into vibration, 
so that there may be a smooth current, and one or more vibratory 
waves simultaneously transmitted through the circuit or the entire 
current may be thrown into vibration. ‘ 

The subject matter claimed hereinafter will specifically be des- 
ignated. 

The accompanying drawings represent a perspective diagram of 
so much of my approved apparatus as is necessary to illustrate the 
subject matter claimed. 

I have shown this apparatus as constructed in the best way now 
known to me; but it is obvious that the details of construction of 
its various parts may be varied within certain limits, in ways well 
known to skillful electricians. 

I have shown three transmitters with their batteries and corre- 
sponding receivers at each end of the line, so arranged as to trans- 
mit three messages each way simultaneously; but a greater or less 
number of transmitters and receivers may be employed, and they 
might be so arranged as all to transmit one way, instead of in oppo- 


site directions. 

It is deemed unnecessary to describe in detail here the con- 
struction of the battery, as it forms no part of the subject matter 
claimed, and any of the well known batteries of the present day will 
work effectively with my improved apparatus. 
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The construction of the transmitters and receivers is fully set 
forth and described in my Letters Patent and application above- 
mentioned, and needs no reiteration here. ‘ 

Each battery is connected with its respective transmitter, by a 
short circuit or shunt wire. Starting with battery No. 1, G is the 
ground wire connected at the plus (+) pole of the battery, which 
battery is connected up in the ordinary way and runs to line at the 
other or minus (—) end, through the analyzing receivers, F’, HE’, D’. 
The line connects at the other end through analyzing receivers, C’, 
D’, A’, to the plus (+) pole of battery No. 2, and passes through in 
the ordinary way to the ground wire G’, at the minus (—) pole of 
said battery. 

The circuit, thus far, is similar to an ordinary Morse circuit, 
closed, and without a key or other means of making or breaking the 
circuit. 

A, B, C, D, E, F, represents six sets of transmitters, each set be- 
ing composed of a common open circuit, Morse telegraphic key and 
a musical tone transmitter; such for instance, as that described in 
Letters Patent No. 165,728, granted to me July 20, 1875, for im- 
provements in transmitters for electo-harmonic telegraphs. ‘These 
transmitters are all alike in construction, but each one is tuned to a 
different pitch, and has a receiver, A,’ B’, C’, D’, E’, F’, correspond- 
ingly tuned, at the other end of the line. 

Each battery is divided into sections, 1, 2,3, 4, 5,6, not by separ- 
ating or disconnecting its cells, but by throwing a short circuit or 
shunt wire around each section; for instance, the first short circuit 
of battery 1, consists of the wires a 6, the second of wires 4 c, and 
the third of the wires cc’, and so on. The number of cells in each 
section is determined by the distance the tone is to be transmitted. 

Each shunt wire runs through its own key and vibrating trans- 
mitter ; for instance, in section 1 of battery 1, which is at the line 
end of the battery, a wire a, passes from the minus (—) pole of the 
battery to one binding screw of the transmitter A, at which point 
the circuit divides, one branch connecting to line L, and the other 
to the vibrating bar of the transmitter through the break point, 
which is in this instance a shunting point. The circuit then passes 
to the other binding screw, and thence to the key lever. 

The anvil or lower point of the key is connected directly with 
the ends of the wire 4, which forms the dividing line between sec- 
tions 1 and 2, forming part of the short circuit of each section, and 
soon. Now, if the reed or bar of transmitter A be vibrated by its 
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local battery, (which is omitted from the drawing to avoid compli- 
cation, but the operation of which is well understood,) and the key 
belonging to it, and in the same circuit with it be depressed, the 
shunt circuit around section 1, will be completed every time the 
vibrating bar or reed makes contact with its great point, thus pro- 
ducing a set of waves or electrical vibrations throughout the line, 
the waves succeeding each other at the rate per second correspond- 
ing to the vibrations of the transmitting reed or bar, which waves 
will induce corresponding impulses in all the magnets of a power 
approximating one-sixth of the whole battery. 

Although these magnetic impulses are induced in all the mag- 
nets in the cireuit, one only will make an audible response, except to 
a very delicate test, which one in this instance will be the receiver 
marked A’, as one whose reed or ribbon (or reed and box, as the 
case may be), is tuned correspondingly to the transmitter in oper- 
ation. All the other sections of the apparatus are connected up 
and cperated in a manner precisely similar, each operating on its 
own section of battery. Each transmitter differs in pitch from 
every other one, and has its compliment in its corresponding re- 
celver. 

It will be observed that by working with this inproved system, 
the main circuit is never open, owing to which fact the integrity of 


‘each set of waves is preserved in tact, thus rendering analysis easy 


at the receiving end of the line. 

The utility of the device has been amply demonstrated by prac- 
tical operation. 

I claim as my own invention :— 

1. The improvement in the art of telegraphically transmitting 
composite tones, hereinbefore set forth, which consists in working 
a closed circuit with a continuous current from a main battery, por- 
tions of the whole of which current are thrown into vibration at 
will by the transmitters. 

The improvement in the art of telegraphically transmitting and 
analyzing composite tones, hereinbefore set forth, which consists in 
working a closed circuit with a continuous current from a main 
battery, portions of the whole of which current are thrown into 
vibration at will by the transmitters, each set of vibrations being 
audibly reproduced by a corresponding receiver. 

.3. The combination, substantially as hereinbefore set forth, of a 
series of transmitters each operated by a local battery, a main 
battery, an electric circuit through which a continuous current flows 
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from said battery,.and shunt or short circuits between the main 


battery and transmitters. 
4. The combination, substantially as hereinbefore set forth, of a 


series of transmitters, a main battery connected therewith by short 


or shunt circuits, a closed electric circuit through which a current | 


continuously passes from the main battery, and a series of analyzing 


receivers included in the circuit. 
In testimony whereof I have hereunto subscribed my name. 
ELISHA GRAY. 


Witnesses: 
Wm. J. PEYTON, 
JOSEPH S. PEYTON. 
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(No. 47.) Defendants’ Exhibit, Letters Patent to Crom- 
well Fleetwood Varley, dated April 8, 1870, No. 
1044. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 11.] 


UNITED STATES PATENT OFFICE. 


CROMWELL FLEETWOOD VARLEY, OF LONDON, ENGLAND. IMPROVEMEN 
IN 'TELEGRAPHING. 


Specification forming part of Letters Patent No. 78,495, dated 
June 2, 1868. 


To all whom it may concern : 

3e it known that I, Cromwell Fleetwood Varley, of London, 
England, temporaily residing in New York, County of New York, 
and State of New York, have invented certain new and useful 
Improvements in Electric Telegraphs; and I hereby declare the 
following to be a full, clear and exact description of the same. 

The objects of my invention are to cut off the disturbance 
arising from earth-currents, to obtain a high speed of signalling 
through long circuits, and, should the conductor become partially 
exposed, to preserve it from being eaten away by electrolytic 
action. 

No means, prior to my invention, had been devised for effecting 
the first and third of these results. I have devised several other 
methods less perfect than those hereinafter described, but all 
embodying the general principle of my invention. 

The invention consists of the arrangement of well-known 
apparatus, whose action, being of an electric and magnetic char- 
acter, cannot be explained by drawings or models ; but the accom- 
panying diagrams and specification will enable those skilled in the 
art to understand the invention. 

The telegraphic signals in this invention are made to depend 
upon the rate of change of electrical potential, and not upon the 
strength of the current or charge in the cable. 

As the earth-currents—i. ¢., the electric variations in the earth 
itself—change their strength slowly, the indications produced by 
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them with this invention, in which the strength of the signals de- 
‘pends upon the rate of change of strength, are so feeble as to escape 
notice, and the embarrassment arising from this cause on long lines 
is, to all practical purposes, avoided. 

There are two modes by which this is effected, and a higher rate 
of signalling through long cables obtained. The first plan is by 
means of an induction coil. The cable at the receiving end of the 
circuit, is connected to the primary wire of an induction coil, and 
through it to the earth. The secondary wire is connected to the 
telegraph instrument. This arrangement is represented by Dia- 
cram No. 1. 

Explanation of its action: On a current passing through the 
primary wire of the induction coil, the iron core becomes magnetized, 
and this magnetization produces a current in the secondary wire, 
which acts upon the telegraphic instrument. 

When the current in the primary wire has reached its maximum 
f' ree, and is flowing steadily through, the 1ron core is magnetized to 
a certain fixed amount, and then the current in the secondary wire 
ceases. If, now, any change in the strength of the current through 
the primary wire occurs, the amount of magnetization of the iron 
core will vary, and a corresponding current in the secondary wire 
will result. 

The earth-currents seldom pass from zero to their maximum and 
back again to zero (prior to changing sign) in less than five or six 
minutes, while the telegraphic signals are generally produced in a 
small fraction of a second. 

With the former, although the currents are often very strong, the 
rate of change of strength is extended over several minutes, and 
consequently the current in the secondary wire is very feeble, as 
its strength is mainly dependent upon the rate of variation of the 
magnetism of the iron core. 

The signalling currents or impulses are much more rapid or 
sudden, and consequently the variation of the magnetism of the 
iron core is much more sudden, and the currents generated thereby 
in the secondary wire are comparatively powerful and distinct. 

Thus, then, suppose the earth to send a current through the 
line—say a positive (+) current from the sending to the - receiving 
station—and to slowly magnetize the iron core, and, for ease of ex- 
planation, suppose this earth-current to remain for a time steady 
and uniform in strength; let, now, the sending-station make a signal. 
In doing so his battery adds its strength to or opposes the earth- 
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; 
current, according as the signal sent is + or—, (positive or nega- / 
tive). 

This sharp and comparatively sudden addition to or subtraction 
from the earth-current produces a rapid augmentation or diminu- 
tion of the magnetism in the iron core, and thus produces a distinct 
signal in the secondary wire. 

-:For still further explanation, suppose the earth-current to be +, 
and to have a strength of 100 plus or positive, and the signal cur- 
rent to have a strength of 10,if a positive signal be sent, the current 
will rapidly rise at the receiving end in the proportion of 100 to 110. 
This rapid increment of magnetism will produce a positive signal in 
the secondary wire, corresponding to the increment 10. But if a 
negative signal be sent, then the battery will be opposed to the 
earth-current, and the current will rapidly fall at the receiving end 
in the proportion of 100 to 90, the magnetism in the iron coil will 
experience a rapid decrease, and a negative signal will be produced 
in the secondary wire corresponding to the decrement (or negative 
increment) 10, although the current through the line or cable still 
rérains strongly positive. 

As the strength of those secondary signals is almost entirely de- 
pendent upon the rate of increment and decrement of the current 
through the primary wire, and as the slowest line yet constructed 
neéd not require so much as half a second to produce a clear signal, 
while the earth takes five minutes or six hundred half seconds, the 
current arising in the secondary wire from the earth-current (which 
although assumed to be ten times stronger, is six hundred times 
slower) is ,'°, =!) part only of the strength of the signal, and the 
effects of the earth-current are consequently practically cut off. 

When signaling through a very long cable, a rapid succession of 
signals charges the cable and produces an electric wave which is a 
long while subsiding, and acts at the receiving end in a somewhat 
analogous manner to the earth current just deseribed. This 
prevents signals from being transmitted in rapid succession by the 
ordinary means. 

The above apparatus, which may be popularly described as 
disentangling the short high-crested waves from the large long 
swells, enables clear distinct signals to be produced rapidly one 
after the other. 

The strength of the signals through the cable or telegraph 
circuit is produced by the rate of the increments and decrements of 
current, and not by the current itself; and as an imperfect illustra- 
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tion, if the great earth current through the cable be compared with 
an Atlantic swell whose height is five fathoms, but spreading 
horizontally over five or six hundred fathoms, and whose sides will 
have an angle of say one hundred and seventy-eight degrees, and if 
the signals be compared with the ripples produced by the wind 
upon the back of the swell, and whose angles are each, say, sixty- 
degrees, then an apparatus that will indicate these angles would 
scarcely notice the angle of one hundred and seventy-eight degrees, 
which is nearly a straight line (or one hundred and eighty degrees), 
while the small waves, with an angle each of sixty degrees, would 
be distinct, and such apparatus would disentangle the small signals 
from the big swell, paying almost no attention to the latter. Electric 
waves are entirely different from water waves; but the illustration 
may serve to explain the action of the former. 

The second plan of effecting the above is more expensive in 
construction, but more perfect in action. A large condenser is 
inserted in the cireuit at one or both ends, according to the circum- 
stances of the case. At the receiving end of the line I prefer the 
following arrangement (Diagram No. 2), which gives a rapid rate of 
signaling. 

The cable is connected to the one armature of the condenser 
through the telegraph receiving instrument, and the other armature 
is connected with the earth. The cable is also connected to the 
earth by means of a resistance coil, which is best when made of a 
long length of insulated copper wire, wound round an iron core. 

On a current running through the line or cable it finds at the 
distant end two routes or channels, viz., the resistance coil and 
the condenser. The condenser route at the first moment offers no 
other sensible resistance than that of the receiving instrument, 
while the other, owing to the magnetic inertia of the iron core, 
offers at the first moment a considerable resistance. ‘The condenser 
is rapidly charged, and as soon as it is charged to the full force or 
potential of the current in the cable, all the rest of the electric 
current goes through the resistance coil to earth, and no more 
current is shown upon the receiving instrument. If, now, the 
potential in the cable be reduced or increased a little the change in 
the condenser is reduced or increased in proportion and a negative 
or positive signal can be distinctly produced at pleasure, although 
the electric current or charge in the line or cable has not changed 
sign, but only varied in strength. The resistance coil, between the 
sable and the earth, may be dispensed with; but then the little 
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signal wave does not reach its maximum so rapidly, and con- 
sequently the signals are not so rapid (vide Diagram 6). 

Observe, the receiving instrument may be placed between the 
second armature of the condenser and the earth or ground, instead 
of between the cable and the first armature. A condenser may 
also be employed at the sending end of the line or cable, either 
with or without a condenser at the receiving end of the line or 
‘able. When a condenser is inserted at the sending end only of 
the line the resulting signal is very similar to that produced by a 
condenser at the receiving end only ; but the disturbing action of 
the earth current, however, is more felt when the condenser is only 
placed at the sending end, because the earth current has to charge 
the cable in addition to the condenser, all of which charging 
current has to pass through the receiving instrument. When the 
condenser is used at the sending end of the cable or line (Diagram 
3), the cable is connected to the one armature of the condenser, 
and the telegraph key to the other armature of the condenser. An 
ordinary double or reversing key is generally used, so that when 
the one is depressed a positive charge is communicated to the con- 
denser; armature attached to it, and when the other is depressed a 
negative charge is communicated to it. 

If the key had been connected to the line or cable in the usual 
manner, a constant or permanent current would have been produced 
through the cable so long as the contact was maintained, and this 
current would only begin fo die away when the contact with the 
battery was broken or reversed. But when the condenser is inter- 
posed in the circuit, as described, so soon as the current from the 
battery has charged the condenser, the current from the condenser 
is arrested and variations in the length of the battery contact be 
under fixed amount will produce no change in the amount of 
current thrown into or induced in the cable, In this way great 
uniformity and regularity of signals are obtained. 

At the sending end of the line it is sometimes advisable to use a 
smaller condenser than at the receiving end, and higher battery 
power, because the more sharp and sudden the impulse is given the 
quicker will the signal appear at the distant end. 

If the dimensions of the condenser be reduced, say halved, and 
the battery power be augmented in the inverse ratio, then the 
shock or impulse will be the same in amount but more sudden, 
producing a rather more rapid signal at the distant end; but the 
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disturbing action .of the earth currents is reduced as the dimen- 
sions of the condenser are reduced at the receiving end. 

In some cases, such, for example, as where the Morse instrument 
is used, it is advisable to connect together the two armatures by 
means of a very large resistance, as shown in Diagram 6, so that 
after the condenser is charged the current through the cable shall’ 
not entirely cease. Thus the sharp, sudden impulse of the con- 
denser charges the cable and would produce a dot, but not a line or 


The weak current through the large resistance, however, 


dash. 
‘cable, and a dash is produced, the 


maintains the current in the 
Morse armature being held down by this weak current so long as 
the key is held down. 

On the key being elevated the charge condenser is connected to 
the ground if the condenser be at the sending end ; and in discharg- 
ing itself the condenser produces a short, sharp currentin the cable 
in the opposite direction, which rapidly terminates the signal at the 

distant end of the cable. 

All cables are liable to have their insulation impaired. When 
this is the case, and the proper conductor is exposed to the sea 
water the copper is decomposed whenever a positive currentis per- 
mitted to flow from the copper into the water, forming chloride of 
copper, which is soluble and effuses itself and floats away. 

If the cable be kept always negative to the water the action of 
the positive current flowing into the wire from the water is to pre- 
serve the wire from decomposition. 

To effect this I place a condenser at each end of the cable (Dia- 
gram 7), and also connect to the cable through a large resistance (or 
long coil of fine wire), a battery whose positive pole is connected to 
the earth ata negative pole to the resistance coil. This keeps the 

cable always negative to the water, and yet the signals through it 
and the condensers are either positive or negative, at pleasure. 
Suppose the signal impulse to be a positive one it weakens the neg- 
ative character of the charge in the cable, and also in the distant 
condenser, and immediately a corresponding positive signal is pro- 
duced in the distant instrument. 

If the signal impulse be negative it increases the negative 
charge in the cable and also in the distant condenser, and therefore 
produces a negative signal in the distant instrument, and thus, al- 
though positive and negative impulses are produced at the distant 
end, the cable has been only less or more negative, but never posi- 
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tive to the sea, and therefore the conductor has been constantly un- 


der the preservative action of the negative current. 

Thus, then, the action of the condensers and battery has not 
been only to cut off the effect of the earth currents and to expedite 
the transmission of signals, but also to preserve the conductor of 
the cable from destruction if exposed to the sea water: 

In Diagram 7 the place of the switches or commutators is shown. 
These have been omitted in the other diagrams to simplify them. 
These commutators are of the ordinary well known form, common 
to most systems of submarine telegraphing, and are not a part of 
this invention. 

Having now described my invention and the manner in which 
the same is or may be carried into effect, what I claim and desire 
to secure by letters patent is : 

1. In so arranging telegraphic apparatus as to work by the varia- 
tion of the increment and decrement of electric potential, and not 
by the direct action of the electric current itself, as and for the pur- 
poses set forth. 

2. The use of an induction coil at the receiving end of the cable, 
one of its wires being connected between the cable and the ground, 
and the other or secondary wire connected with the receiving in- 
strument, as and forthe purposes set forth. 

3. The use of a condenser or condensers between the receiving 
end of the cable and the earth, with or without resistance coils be- 
tween the cable and the earth, as and for the purposes set forth. 

4. The use of a condenser at the sending end of the cable, with 
or without resistance coils, connecting its two armatures, as and for 
the purposes set forth. 

). The use of a condenser at each end of the cable, the cable 
being: connected with the ground through a resistance coil and a 
battety so as to keep the cable always negatively electrified, as and 
for the purposes set forth. 

In testimony whereof I have signed my name to this 
specification before two subscribing witnesses. 
: C. F. VARLEY. 
Witnesses : 
- W. Barney, 
- ©. G. Paae, Jr. 
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(No. 48.) Defendants’ Exhibit, Johnson Patent, Gray’s 
Magnet Receiver. 


J. A. W., Exr. 
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DEPARTMENT OF THE INTERIOR. 


UNITED STATES PATENT OFFICE. 


Zo all persons to whom these presents shall come, Greeting : 


This is to certify that the annexed is a true copy from the bound 
volumes of the library of this office of the specification and draw- 
ing in the matter of the English letters patent granted John Henry 
Johnson, July 29, 1874, No. 2646, for Transmitting Musical Tones 
by Electricity. 

In testimony whereof, I, W. H. Doolittle, Acting Commis- 
sioner of Patents, have caused the seal of the Pat- 
ent Office to be herenuto affixed this seventeenth 

[SEAL. | day of March, in the year of our Lord one thous- at 
and eight hundred and seventy-nine, and of the 
independence of the United States the one hun- 
dred and third. 
W. H. Doo.irrtye, 


Acting Commissioner. | 


A. D. 1874, 29th Juxy, No. 2646. 
TRANSMITTING MUSICAL TONES BY ELECTRICITY. 


Letters Patent to John Henry Johnson, of 47 Lincoln’s Inn Fields, 
in the County of Middlesex, gentleman, tor the Invention of - [mprove- 
ments an the Method of and Apparatus jor Lransmitting Musical 
Tones by Electricicy.” A communication from abroad by Elisha 
Gray, of Chicago, County of Cook, State of Lllinois, United States of © 
America. 

Sealed the 23d October, 1874, and dated the twenty-ninth of 
July, 1874. 

Complete specification filed by the said John Henry Johnson, at 
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the office of the Commissioner of Patents, with his petition and 
declaration, on the 29th July, 1874, pursuant to the ninth section of 
the Patent Law Amendment Act, 1852. 

' ao 


To all'to whom these presents shall come : 
, 


1, Joun Henry Jounson, of 47 Lincoln’s. Inn Fields, in the 
County of Middlesex, gentleman, send greeting : 

Whereas, I am in possession of an invention for ‘‘ Improvement 
in the Method of and Apparatus for Transmitting Musical Tones by 
Electricity,” and have petitioned Her Majesty to grant unto me, my 
executors, administrators and assigns, Her Royal Letters Patent for 
the same, and have made solemn declaration that the said invention 
is communicated to me from abroad by Elisha Gray, of Chicago, 
County of Cook, State of Illinois, United States of America. 

Now, know ye, that I, the said John Henry Johnson, do hereby 
declare that the following complete specification, under my hand 
and seal, fully describes and ascertains the nature of the said inven- 
tion and in what manner the same is to be performed in and by: the 
following statement, reference being had to the accompanying draw- 
ings and to the letters and figures marked thereon, that is to say: 

This invention relates to a method of producing musical tones of 
any desired pitch at any point in an electrical circuit, and consists 
in transmitting a series of impulses of induced electricity of high 
tension, corresponding in number to the number of audible vibra- 
tions constituting said musical tone, through living tissue in contact 
with any resonant substance, or through a coil surrounding a bar of 
iron or the core of an electro-magnet, the succession of currents be- 
ing produced by an induction coil or other apparatus for inducing a 
secondary current, and being caused by the action of any suitable 
circuit interrupter situated in a primary circuit. 

And in order that the said invention may be fully understood, I 
shall now proceed more particularly to describe the same, ard for 
that purpose shall refer to the several figures on the annexed sheet 
of drawings, the same letters of reference indicating corresponding 
parts in all the figures. 

Figure 1 of the drawings represents one form or plan of an elec- 
trical apparatus in which these improvements are embraced ; figure 
2 is a front elevation of the same, and figure 3 1s a diagram showing 
an arrangement of parts and circuits which may be employed in 
connection with these improvements. 


A represents the base or frame of the apparatus; B is an induc- 
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tion coil of the usual form provided with the usual primary and 
secondary helices; C is an ordinary vibrating electrotome which, 
when in action, produces a musical tone by the vibration of its 
armature and circuit breaking spring @ of a pitch determined by its 
rate of vibration, which rate is dependent upon the length, stiffness 
and adjustment of the spring attached to the armature of the elec- 
trotome; C! is another electrotome similar to the first with the ex- 
ception that its spring a! is so adjusted that it produces, when in 
action, a musical tone of a different pitch from that produced by the 
electrotome C, owing to the different rate of vibration of its circuit- 
breaking spring @!. Other electrotomes may be provided having 
their vibrating springs so constructed and adjusted that when in 
action the series will produce tones extending through one or more 
octaves. These electrotomes are situated in the primary circuit of 
the induction coil B, and when the said primary circuit is broken 
by the vibration of the circuit-breaking springs, secondary currents 
are induced in the secondary circuit of the said coil. 

D, D' are telegrayshic keys of the usual form, placed in the pri- 
mary circuit above referred to, which circuit is divided so that it 
passes through both keys and both electrotomes. The keys are 
used for making connection with the battery. 

Figure 3 shows the arrangement of the circuits, G being the sec- 
ondary circuit extending from the induction coil B to the receiving 
station I, the battery ; and H the primary circuit from the battery 
through the keys; D, D', magnets of the electrotomes, C, C!, and 
the primary circuit of the induction coil B. E represents a suitable 
resonant substance at the receiving station, and consists of a hollow 
cylinder of metal. 

The method of operation of the apparatus is as follows: 
On depressing either of the keys D, D',the primary cireuit 
from the battery F will he closed through one of the elec- 
trotomes, and the spring or circuit interrupter or of the latter 
will immediately commence to vibrate, producing a musical tone 
of a certain pitch, dependent as before stated on the size and 
adjustment of the spring, and interrupting the primary circuit 
of the induction coil B. These interruptions will induce sec- 
ondary currents in the secondary circuit of the said coil, which 
will correspond in number with the vibrations of the circuit in- 
interrupter, and the number of musical audible vibrations constitut- 
ing the tone produced; thus, for example, if the circuit-inter- 
rupting spring vibrates one hundred and twenty-eight times per 
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second, the tone produced is that known as the “ fundamental C,” 
and at the same time one hundred and twenty-eight terminal in- 
duced currents will be generated in the secondary circuit. 

If now, a person places himself in the said secondary circuit and 
brings his hand or any other part of his body in contact with any 
resonant substance which is a conductor of clectricity, so that the 
circuit is completed through it, the said resonant substance being 
either the metallic cylinder shown at E,or a plate of metal stretched 
above the body of a violin by metallic springs ora sheet of foil paper 
stretched over a metallic ring or any other suitable resonant sub- 
stance, the impulses of electricity transmitted through the living tis- 
sue of the operator will, from some cause not yet fully understood, pro- 
duce a corresponding number of vibrations in said resonant sub- 
stance, and a musical tonewill be given forth of a quality dependent 
upon the character of the resonant substance, but of the same pitch 
as that produced by the vibration of the circuit-interrupter at the 
transmitting end. 

Instead of interrupting the primary circuit by vibrating auto- 
matic electrotomes, and thereby inducing the secondary current of 
high tension, which 1s transmitted to the resonant receiver, the nec- 
essary interruptions for this purpose may be effected by any me- 
chanical device which will produce a sufficient number of interrup- 
tions per second, to cause a musical tone. 

The secondary coil may be dispensed with. and the secondary 
currents induced in the primary coil, when the primary circuit is 
interrupted may be transmitted to the receiver for the purnose of 
prodjcing the audible vibrations. 

Another form of the apparatus is constructed as follows: The 
transmision of sound is effected as in the apparatus above described 
by the conversion of electrical impulses of high tension through a 
secondary circuit into audible vibrations, but the apparatus is based 
upon the principle that an electrical current traversing a coil sur- 
rounding a bar of iron or the coil of an electro-magnet causes a 
she¢ht elongation of the said bar or core, which elongations, if they 
succeed each other with sufficient rapidity, will result in a vibration 
of the bar, and the producing of a musical tone.. This apparatus is 
shown at Figure 4, transmitting apparatus being the same as in the 
apparatus before described, but the receiving apparatus shown at 
EK, consists of an electro-magnet placed in the ordinary cireuit; S 
represents a hollow cylinder of metal which is placed upon the 
poles of the electro-magnet and intensifies the sound. 
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The uses to which the apparatus may be applied are various. In 
telegraphing, for example, instead of transmitting messages by means 
of a Morse alphabet now in general use, tones of different pitch cor- 
responding to the letters may be employed, which tones can be pro- 
duced more rapidly than printed or impressed dashes can be made, 
and their duration would be shorter than the intermissions now re- 
quired for producing dashes and dots in succession. 

A very slight interval would be necessary between the tones to 
indicate the separation, and as dashes would be indicated by one 
tone and dots by another, all signals would have the same length. 
Instead of using one tone for dashes and another for dots, signals 
could be devised consisting of tones of various combinations. These 
signals can soon be readily learned and read by any operator capa- 
ble of distinguishing tones of different pitch, who by placing his ear 
in contact with the resonant substance, would cause the tones to be 
produced and still have both hands free to receive the message. By 
means of a type-writer an operator could record about eighty words 
a minute. 

The amount of current which is neccessary to produce the effec- 
is almost unappreciable. Less than one-hundredth part of the batt 
tery power now required enables audible signals to be transmitted 
over long lines. The apparatus can therefore be employed with 
advantage on submarine lines, and the rate of transmission over 
them can be thereby much increased. 

As a telegraph apparatus it is simple, economical and rapid in 
its operation. 

The apparatus may also be employed to transmit tunes from one 
place to another, the vibrating pieces being properly pitched and 
sufficient in number, even the different parts of a musical composi- 
tion each simultaneously played in different places may be trans- 
mitted to the same place, so that the whole will be there audible. 
In the latter case a separate circuit and transmitting and receiving 
apparatus will be required for each part of the musical composition, 
and it will be necessary to beat time by telegraph for each set of 
performances. 

The apparatus can also be employed with advantage in studying 
the laws of acoustics. 

Having now described and particularly ascertained the nature 
of the said invention, and the manner in which the same is or may 
be used or carried into effect, I would observe in conclusion that 
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(No. 49). Defendants’ Exhibit, Defendants’ Exhibit 
‘**Wheatstone and Cooke Patent.” 


J. A. W., Ex’. 


[Introduced in Record, p. 11.] 


, A. D. 1840. No. 8345. 
ELECTRIC TELEGRAPHS. 
WHEATSTONE AND COOKE’S SPECIFICATION. 


To all to whom these presents shall come : 


I, CHARLES WHEATSTONE, of Conduit street, Hanover Square, in 
the County of Middlesex, Esquire, for myself and for Wilham 
Fothergill Cooke, of Sussex Cottage, Slough,in the County of Berks, 
Esquire, send greeting : 

‘” Whereas we, the said Charles Wheatstone and William Fother- 
gill Cooke, did, by petition, humbly represent unto Her present 
most Excellent Majesty Queen Victoria, that after considerable ap- 
plication and expense we had invented ‘ Improvements in giving 
Signals and Sounding Alarms at distant places by means of Elec- 
tric Currents,’ and her said Majesty, being willing to give encourage- 
ment to all arts and inventions which may be for the public good, 
was graciously pleased by Her Royal Letters Patent under the 
great seal of the United Kingdom of Great Britain and Ireland, 
bearing date at Westminister, the 21st day of January, one thousand 
eight hundred and forty, in the third year of Her reign, for Herself, 
Her heirs and successors, to give and grant unto us, the said 
Charles Wheatstone and William Fothergill Cooke, our executors, 
administrators and assigns, Her especial license, full power, sole 
privilege and authority, that we or they, by ourselves or themselves, 
or by our or their deputies, servants or agents, or such others as we 
or they should agree with, and no others, during the term of four- 
teen years from the date of said letters patent, should and lawfully 
might, make, use, exercise and vend our said invention within that 
part of Her said Majesty’s Dominions called England, Her Domin- 
ion of Wales and Town of Berwick-upon-Tweed, in such manner as 
to us, our executors, administrators and assigns shall seem meet, 
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and as that we or they shall enjoy the whole profit and advantage 
arising by reason of the said invention'during the said term of fourteen 
years, and for that end Her said Majesty requires and strictly com- 
mands all Her subjects whatsoever within England, Wales and 
Berwick-upon-Tweed aforesaid, that they shall not, neither directly 
nor indirectly, make, use or put in practice our said invention or 
any part thereof, nor in anywise counterfeit, imitate or resemble the 
same, or make any addition thereto or subtraction therefrom, 
whereby to pretend himself or themselves to be the inventor or in- 
ventors thereof. And whereas the said letters patent contain a pro- 
viso obliging us, the said Charles Wheatstone and William Fother- 
eill Cooke, particularly to describe and ascertain the nature of our 
said invention, and in what manner the same is to be performed by 
an instrument in writing under our hands and seals, or under the 
hand and seal of one of us, and to cause the same to be enrolled in 
Her Majesty’s high Court of Chancery within six calendar months 
next and inmediately after the said in part recited letters patent, 
asin and by the same (reference being thereunto had) will more 
fully and at large appear. 

Now, know ye, that in complhance with the said proviso, I, the 
said C inaction Wheatstone, for myself and for the said William 
Fothergill Cooke, do hereby declare that our said invention is de- 
scribed and ascertained in manner following, and by the aid of the 
four sheets of drawings hereunto annexed, that is to say : 

Whereas, a former patent was granted to us, the said Charles 
Wheatstone and William Fothergill Cooke, by his Late Majesty 
King Wilham the Fourth, bearing date at Westminster, the 12th 
day of June, one thousand eight hundred and thirty-seven, for im- 
provements in giving signals and sounding alarums in distant places 
by means of electric currents transinitted through metallic circuits, 


and whereof the specification stands enrolled in the Chapel of the 


Rolls, and in that specification it was explained, amongst other mat- 
ters, how the attractive force of occasional or temporary magnetism 
which may be excited in masses of iron (that are uot magnets of 
themselves), by electric currents conducted in suitable spiral con- 
volutions around such masses, and be applied for giving signals, and 
for sounding alarums at distant places. Our present improvements 
are for the most part further and improved means of applying 
the said attractive force of occasional magnetism for such pur- 
poses. 

I shall first describe certain apparatus or mechanism which is 
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constructed according to our said improvements, and then at the 
conclusion of this, our specification, I shall point out the particular 
improvements whereof the exclusive use is granted to us by the said 
letters patent. 

An apparatus capable of giving signals and sounding alarms is 
represented in sheet 1 of the drawings hereunto annexed. One such 
apparatus is to be situated at one of the distant places, and another 
like apparatus at the other of the distant places between which 
communication of the nature of telegraphic intelligence is to be car- 
ried on by giving signals and sounding alarms by means of electric 
currents transmitted through two long metallic wires extending from 
one of the distant places to the other, and forming a metallic sur- 
face in the manner fully explained in our said former specification ; 
that is to say: The said two long conducting wires or telegraphic 
wires forming a continuity of metal and being kept insulated one 
from the other (although iaid close side by side), if the end of one 
of the two wires is brought in contact with one pole of a voltaic bat- 
tery and the end of the other wire with the contrary pole of the 
same battery, the two distant ends of both of the wires being con- 
joined with metallic contact, then the two wires will form what is 
called a metallic circuit, through the whole length of which an 
electric current will be transmitted in consequence of a continual 
transmission of electric action, which, as soon as such circuit is 
formed, begins to proceed from one pole of the battery along or 
through all the length of one wire, and then back again through all 
the length of the other wire with a very great velocity of transmis- 
sion, in order to return to the other pole of the same battery, the 
electric current thereby performing a circuit from the battery and 
back again thereto; and providing the battery is kept in working 
order, the said electric current or transmission of electric action in 
a circuit will continue without interruption or cessation so long as 
the metallic circuit is maintained ; that is, so long as the aforesaid 
contacts of the ends of the two wires with the two poles of the 
battery (and so long as the continuity of metal throughout the 
whole length of the two wires and at their distant ends) is con- 
tinued. 

And if one of the said long conducting wires is coiled spirally to 
form a great number of convolutions around the mass of soft iron, 
although the same is not magnetic, magnetism will be excited in 
such mass whenever an electric current is ,transmitted through 
the said circuit and convolutions, and by such occasional or tem- 
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porary magnetism another small piece of iron, being suitably dis- 
posed may be attracted and drawn towards the first mentioned mass 
with a sufficient force and motion to give a small action to some 
suitable mechanism; but if either or both the ends of the two wires 
are disconnected from the pole or poles of the battery, or if the 
wires are disconnected one from the other at their distant ends, or, 
in short, if the continuity of the metal throughout the circuit is 
broken at any part thereof, then the electric current will cease to 
be transmitted, whereupon the said occasional or temporary mag- 
netism will cease also and consequently the aforesaid small piece of 
iron which was previously attracted by such magnetism as aforesaid, 
being no longer attracted, may retreat from the said mass of soft 
iron by the reaction of some small weight or spring which is suit- 
ably applied so as to be always operative on the said small piece of 
iron, with a slight tendency to draw the same away from the mass 
of soft iron. But when occasional or temporary magnetism is ex- 
cited therein, then the attractive force of that magnetism will over- 
come the said tendency so as to give motion to the small piece of 
iron in manner above stated ; but on the cessation of the magnetism 
the reacting spring or weight will give a contrary motion to the 
same piece of iron. And in our said former specification the action 
so produced by the attractive force of occasional or temporary mag- 
netism, and the reaction consequent upon the cessation of such 
magnetism, was described as being applied to the sounding of 
alarums in distant places. But the chief object of our present 1m- 
provements is to obtain (by various means now about to be de- 
scribed) a sufficient diversity of signals from successive alternations 
of such action and reaction for carrying on a telegraphic communi- 
sation of intelligence by means of such signals between distant 
places where duplicates of the apparatus are situated with the 
two (or in some cases. three) long conducting or tele- 
graphic wires extending from one apparatus to the other. 
The mechanism which we employ for obtaining diversity of 
signals is of the nature of clock work, and in its simplest form 
may be described as containing parts answering to the escape- 
ment wheel of a clock with its axis, and the seconds’ hand fixed 
on that axis for pointing out seconds on the dial plate. Let the 
said dial plate be divided into twenty-four or thirty or other suit- 
able number of divisions (instead of sixty as is usual for seconds), 
and let each division be numbered or lettered with those characters 
which are to be used for signals, the escapement wheel having 
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twelve or fifteen teeth, that is, half as many teeth as the number of 
divisions and characters on the dial; also that any suitable kind of 
pallets of an escapement or driver and clawker be applied to the 
teeth of the wheel, with the small piece of iron before mentioned 
connected with the said pallets or driver and clawker in any such 
manner as that whenever the said piece of iron is moved, in manner 
already mentioned, by the attractive force of the occasional or tem- 
porary magnetism that is excited by the transmission of an electric 
current through the metallic circuit, which is formed as aforesaid, 
the said motion of the piece of iron shall then cause the wheel to be 
turned round a space just equal to one-half tooth, whereby the 
hand will be moved away from one division and character on the 
dial plate, and carried forward to point to the next adjacent division 
and character thereon; also that whenever by cessation of such 
magnetism consequent on breaking the circuit, the said piece of iron 
returns or moves in a contrary direction by reaction of its aforesaid 
weight or spring, such returning motion shall cause the wheel to be 
turned round a space just equal to another half tooth, whereby the 
hand will be moved forwards to point to another succeeding division 
and character on the dial. This being premised, it may be under- 
stood that an apparatus so constructed may be placed at each of the 
distant places between which telegraphic communication is to be 
carried on, having two long conducting or telegraphic wires extend- 
ing from one such apparatus to the other, and one of those wires 
waking like coils or convolutions around the aforesaid masses of 
soft iron belonging to each apparatus, the two apparatuses being in 
every respect alike; and when the two wires are conjoined together 
at their most distant ends, so as to prepare them for forming a 
metallic circuit, then near the end of one wire being connected with 
one pole of the voltanic battery, and the like end or the other wire 
being connected with the other pole of the same battery, an electric 
current will be transmitted throughout their whole length, and that 
current will excite occasional magnetism in the masses of soft iron 
belonging to both the near and the distant apparatus at the same 
time, and by the action already deseribed of that magnetism the 
hands of both apparatuses (those hands having been previously ad- 
justed to point to like characters on their respective dials) will be 
moved simultaneously one division each on their respective dials, 
so as both to point toa like character thereon; and then by dis- 
connectiig either of the wires from its connection with the battery, 
or by breaking the circuit in any way, the transmission of the electric 
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current, together with the occasional magnetism which it had ex- 
cited, ceases in both apparatuses at the same time, whereupon the 
reaction by weight or spring, already described as being consequent 
upon such cessation, causes the hands of both apparatuses to move 
simultaneously one division further on their respective dials, but so 
as both to point to a like character thereon; then by again recon- 
necting the said disconnected wire with the battery, or by otherwise 
restoring the circuit, another repetition of the same action, as above 
described, takes place, and both hands are thereby moved forward 
another division; and then on breaking the circuit both hands are 
again moved another division more, and so on by alternately form- 
ing and breaking the metallic circuit in that manner, the two hands 
may be worked round step by step from one division and character 
on their respective dials to the next division and character, at 
pleasure ; but nevertheless, the two hands will in all cases point to 
a like character on their respective dials, wherefore a person sit- 
uated at one of the said apparatuses can, by alternately forming and 
breaking the said metallic circuit, cause the hands of both appara- 
tuses to move round alike; and by leaving only very short but reg- 
ular intervals between each act of breaking and forming the cireuit, 
he can cause the said hands to advance forwards with a continual 
stepping motion witbout resting long enough at any one character 
on their respective dials to indicate any deciding pointing thereto. 
But when he has thus brought the hand of his own near apparatus, 
and consequently the hand of the other distant apparatus, to point 
to some one character which he intends to use at the time for giving 
a signal, then, by ceasing to go on making and breaking the circuit, 
both hands will stand still, both pointing alike to the said character 
for a sufficient time for his correspondent at the place to observe 
(by the pause that the hand of his apparatus has made opposite to 
the said character on its dial) that he is to note down that character 
as a signal given to him, and after a sufficient pause for that pur- 
pose, then the first mentioned person may resume the aforesaid 
operation of alternately making and breaking the circuit, in order 
to cause the hands of both dials to begin moving forwards again 
step by step, without any decided pause in their motions, until the 
hands are brought opposite to some other character which he in- 
tends to use for giving his next signal, and then he again discon- 
tinnes the alternate making and breaking of the cirsuit in order to 
leave both hands standing still opposite to the said character for a 
sufficient time for his correspondent at the distant place to observe 
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by the pausing of the hand of his apparatus that he is to note down 
the said character.as another signal given to him; and after due 
pause, the first-mentioned person may begin again, alternately 
making and breaking the cireuit as before, in order to move both 
hands forwards to the character which he intends to use for giv- 
ing his next signal, where he pauses again; and so on he gives - 
signal after signal as his communication requires; and when he 
has by so doing completed a sentence of telegraphic communica- 
tion, he brings both the hands to point upwards to a blank division 
or character, and there he leaves them standing still to denote that 
no signal is intended to be given notwithstanding that the hands 
stand still; in fact they then indicate blank or nothing; and when- 
ever the hands are left so standing at blank, the near ends of both 
the telegraphic wires must be disconnected from the two poles of 
the battery, and the said two ends must be connected one with an- 
other by way of preparation of the apparatus, in order that the per- 
son at the distant apparatus may be enabled to give signals by it in 
return if he desires to do so, for his apparatus is in all respects like 
to the other, and has a battery wherefore, if he separates his two 
ends of the two telegraphic wires one from the other, and then con- 
nects those two ends with the two opposite poles of his battery, 
then a metallic circuit will be formed, and an electric current will be 
transmitted through that circuit, and although excited by the distant 
battery instead of the near one, the current will produce all the 
same effects as already described, viz, it will excite magnetism 
in the masses of soft iron in both apparatuses at the,same time, 
so as to cause the hands of both apparatuses to ‘move forwards 
one division each, and then if the person at the distant apparatus 
breaks the said circuits both hands will be again moved forwards 
another division, each by reaction, as already explained, wherefore 
the person situated at the distant apparatus can give signals to the 
person situated at the near apparatus, by alternately making and 
breaking the cireuit and by pausing in that alternation whenever he 
has brought both hands to point to the character which he intends 
to use for giving a signal. In fact he can do every thing that has 
been already described as being done by the person situated at the 
near apparatus, so that the whole apparatus is adapted for com- 
municating telegraphic intelligence in either direction. The con- 
struction of the apparatus admits of many modifications in its parts 
and mechanism ; for instance, instead of hand pointing to divisions 
on the dial, a small circular dial, with the characters marked there- 
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on, may be fixed on the axis so as to turn round therewith, and be- 
ing situated behind the dial plate of the mechanism, the said revolvy- 
ing dial will be concealed, except one character at a time, which will 
be exhibited through a suitable aperture cut out through the dial 
plate, the effect whereof will be the same as that of a hand, as is 
well known in ordinary clock-work; also the toothed. wheel, or 
escapement wheel, or ratchet wheel, with its pallets or driver and 
clawker, may be constructed in various ways well known and com- 
monly used in other mechanism for various purposes, preferring 
that way which will be most certain to move the wheel without fail 
one-half tooth by the action resulting from the excitement of the 
occasional or temporary magnetism, and then one other half tooth 
by the reaction (of a weight or spring) which attends the cessation 
of that magnetism. And in order to facilitate the said motion that 
the wheel with its hand or dial is required to perform, it may have 
a tendency given to it to turn round, by means of wheel work actu- 
ated by a maintaining power of weight or spring in the manner of 
ordinary clocks, and the anchor or pallets which apply to the teeth 
of the escapement that in the usual manner of clocks will prevent 
that wheel from turning more than half a tooth at a time, the action 
of the occasional or temporary magnetism, and the reaction by 
weight or spring being operative alternately on the anchor or pallets 
of the escapement so as to move the same alternately one way, and 
then the other way, with a lke motion to that which takes place in 
an ordinary clock when its pendulum is removed, leaving the escape- 
ment complete, and what is called the crotch for connecting the 
same with the pendulum; and instead of an escapement or ratchet 
wheel with teeth projection around its circumference a wheel having 
pins projecting laterally from its flat surface or surfaces may be used 
with suitable pallets to catch and detain those pins, and prevent the 
wheel from moving more than half the space between two of its pins 
at a time; and instead of applying pallets in the ordinary form of 
an anchor, movable about a center or axis, they may be applied to 
a sliding spindle movable endways, in a direction parallel to the 
axis of the wheel. And mechanism may be employed to facilitate 
and expedite the alternate making and breaking of the circuit, 
whereby, as already mentioned, the said action and reaction is 


rendered operative to turn round the wheel and its hand or its re- 
volving diai without pauses, until the character intended to Ye given 
as a signal is indicated, and then to stop with a decided pause. 
Amongst a diversity of constructions for the parts of the apparatus 
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which may be used, we have found the apparatuses represented in 
the drawings to answer the intended purposes, and I shall now pro- 
ceed to describe the drawings by way of illustrations. 

Sheet I. Figure 1 is a front elevation of the box containing the 
mechanism of clock-work and masses of soft iron with a dial for ex- 
hibiting the characters which are to constitute signals, and also 
clock-work for sounding alarums. Figure 2, is a vertical section, 
showing the interior mechanism sideways. Figure 3, a front section, 
to show the interior clock-work in front. Figure 4, horizontal plan, 
and Figure 5, detached parts to explain the masses of soft iron in 
which occasional magnetism is excited. The same letters and figures 
are used to denote the same parts in all the figures. One such ap- 
paratus as that represented by those figures is situated at each of 
the distant places between which the telegraphic communication is 
to be carried on, the apparatuses at each place being exactly alike. 
A, A, are the plates of the frame united with pillars like the frame 
of a common clock. B, the spring barrel for a maintaining power, 
whereby a train of four wheels and four pinions gives motion to an 
axis «, on which is fixed the escapement wheel 4, and also the re- 
volving dial ¢/, is fixed on the extreme front end of the axis a, so as 
to turn round therewith. The revolving dial 4 is divided into 
twenty-four spaces, and lettered as represented in figure 7. The 
front of the wooden box or ease in which the whole is en- 
closed, has a fixed dial plate c, with an aperture in it, 
behind which the movable dial ¢ is disposed so that the 
characters can be seen one at a time through the aperture. The 
escapement wheel 4 has twelve pins fixed into its rim and project- 
ing out on each side thereof ; parallel to its axis Is @, the pallets of 
the escapement are two small upright prongs projecting downwards 
from a horizontal spindle e, which is situated over the axis a, and 
which spindle can slide freely endways in the direction of its length, 
to serve as a horizontal shder for carrying the pallets; one of the 
prongs of those pallets being at one side of the wheel 4 is for catch- 
ing the ends of the pins on that side, and the other prong being on 
the opposite side of the wheel, is for catching the ends of the pins 
on that opposite side. The space between the prongs (measured in 
the direction of spindle e) is much less than the length of the pins, 
wherefore, when the spindle e is pushed endways backward, its 
backmost pallet retreats from the backmost end of one of the wheels 
in the wheel, and allows the wheel to turn around until the front- 
most pallet intercepts the front end of the next following pin in the 
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wheel 4, so as to detain the wheel from turning round further than 
half the space between two of its adjacent pins; and then, if the 
sliding spindle e is drawn forwards endways, its frontmost pallet 
comes forward out of the way of the front end, and that pin which 
rested against the said pallet, and allows the wheel to turn round 
until the backmost pallet intercepts the backmost eud of the next 
following pin in the wheel, so as to prevent it from turning more 
than another half space between two pins. Note an escapement of 
a somewhat similar nature has been used in clock-work, and is well 
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known by the French term “ eechappement a cheville.” The pallets 
and pins of our escapement are not cut sloping or only very slightly 
so, because it is not intended that the wheel shall exert any sensible 
impulse to move the sliding spindle e of the pallets endways either 
way. The small piece of soft iron, V, whichis to be attracted by 
occasional or temporary magnetism, as before mentioned, 1s fixed 
fast on the backmost extremity of the sliding spindle e, so as_ to 
move backwards and forwards with that spindle e (see figures 2 and 
4), and two small horizontal pins are fastened into the said piece of 
iron, V, to project out forwards therefrom, and pass through suit- 
able holes in the frame plate, for the purpose of securing the piece 
of iron, V, and also the pallets of the escapement, from turning 
round about, as the spindle e- might otherwise permit them to do. 
That spindle is not intended to operate as an axis, but as a horizon- 
tal slider, a, figures 3 and 4, is the reacting spring, whereby the 
sliding spindle e, together with the piece of soft iron, V, and the 
pallets of the escapement, are always drawn forwards. The acting 
end of the spring 7 presses forwards behind a small stud which 
stands up from the sliding spindle e, out of the boss by which the 
pallets are fixed to that spindle, the middle part of the spring m is 
fastened loosely to the frame plate, by one screw, and the extreme 
tail end of the spring is drawn towards the plate by a regulating 
screw 4’, by turning which the reacting force of the spring can be ad- 
justed to suit what is requisite for reaction. U U, figure 5, are the 
masses of soft iron in which occasional or temporary magnetism Is 
to be excited, as before mentioned. whenever it is required. Two 
such masses, U U, are disposed side by side to form a pair; the 
are of cylindrical form, and each one has a disk of brass or copper 
when fastened upon each of its ends, so that with those disks it 
forms a bobbin, around which is coiled a great length of fine copper 
wire closely covered with silk thread for insulation of one coil from 
another, until the bobbin is completely filled with such coils, and 
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two bobbins thus filled are put together side by side and united at 
one end of each by a connecting cross piece w of soft iron, which 1s 
fastened to the end of each piece U by a countersunk screw inserted 
into the end thereof. At the opposite end of each piece U a piece 
of soft iron wv is fastened in like manner by a countersunk screw, but 
the two pieces uw have no connection one with the other. The coils 
of the wire about each of the pieces of soft iron U must go round 
each piece in the same direction of coiling, and the ends of the 
wires coiled about each piece U being united together, the whole of 
the coils around both pieces U will operate lke one continuous 
coiling in the same direction, around the two prongs of a horse-shoe 
of soft iron, such as was described in our said former specification, 
and which is commonly called a voltaic magnet, for the two pieces 
U U, when firmly united together, by the connecting cross-piece of 
iron w, will act the same as the two prongs of a horse-shoe would 
do, but by being made in two pieces, each having the form of a bob- 
bin, the coiling of the wire can be better done, and a greater num- 
ber of coils laid on them could be done around the two prongs of a 
horse-shoe. The mode of making voltaic magnets by coiling of 
covered wire around pieces of soft iron being well known, no further 
instructions can be required for making them in the manner shown 
in figure 5. We prefer to use smaller sized wire for the coils than 
is commonly used for voltaic magnets, because a greater number of 
convolutions of small wire can be wound around the wire U_ within 
the same bulk, and consequent proximity to the iron, than could be 
done with such large wire as has been usually employed. A voltaic 
magnet constructed as shown in figure 5, and as above described, 1s 
placed in the apparatus as shown at W W in figures 2,3 and 4, with 
tne two pieces uw wu, or poles of the voltaic magnet situated opposite 
to the aforesaid piece of soft iron, V, which is fastened on the end 
of the horizontal sliding spindle e, that also carries the pallets of 
the escapement, and the ends 21a, 214, of the coiled wire are to be 
connected with one of the two long telegraphic wires, so as to form 
a part of the metallic continuity thereof, in order that whenever an 
electric current is transmitted along that telegraphic wire, the said 
current cannot fail to be transmitted along the spiral convolutions 
which the coiled wire makes around the two masses of soft iron, U 
U, that transmission taking place in the same direction around each 
of the two masses U U, and thereupon they will instantly become 
magnetic, so that their two poles, uw wu, will exert magnetic 
attraction to draw the piece of soft iron, V, towards them, 
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and they will continue to do so as long as such transmission along 
the said spiral convolutions is continued, but the instant that 
the said transmission ceases, the magnetism and attraction will cease 
also, all which are the well-known properties of a voltaic magnet. 
The gud magnet W W, is fixed in place in the apparatus by screw- 
ing its cross-piece w, of soft iron to a brass or copper support n, 
standing up from a flat tablet R, which is applied on the top of the 
frame plates A A, of the clockwork, in such manner as to be capable 
of sliding horizontally by action of a regulating screw, whereof the 
head 7 reaches to the outside of the case, and by turning that head 
r, the distance of the poles w wu, of the voltaic magnet from the piece 
of soft iron V can be regulated, and by that means, together with 
due regulation of the force of the reacting spring m by its regulating 
screw #, before described, the apparatus can be regulated to suit the 
insensity wherewith the occasional or temporary magnetism is ex- 
cited, in order that the attractive force of that magnetism operating 
at the two poles or pieces of iron w~ w, may not fail to draw the piece 
of soft iron V, towards them with an instantaneous motion, in oppo- 
sition to the strength of the reacting spring #. And aiso that the 
said spring 72 may not fail to cause the said piece V, to return or 
retreat from the poles wv u, with a like instantaneous motion, as 
soon as ever the occasional magnetism ceases, and every such mo- 
tion of the piece of iron V, whether produced by attraction or by 
reaction, being attended with a corresponding motion of the sliding 
spindle e, and of the pallets of the escapement, they will allow the 
escapement wheel 4, and the revolving-dial 4, to turn round one-half 
space of the pins in the wheel and one division of the dial every 
time. And note, the operator may sometimes require to actuate the 
escapement so as to allow the wheel 4, and movable dial ¢, to turn 
round without any excitement of occasional magnetism. For this 
purpose a small sliding pin is fitted to slide endways through a hole 
in the front of the case, and has a knob P, on the front end of it, to 
be touched when required by the finger. <A spring p, is fixed within 
the case to press against the end of the sliding-pin, with a tendency 
to push the knob P outwards. The lower end of the spring p, 
stands opposite to the end of the sliding-spindle e, but without 
touching that end, unless the knob P, and sliding-pin is pushed in- 
wards, for then it bends back the spring p, so as to carry back the 
end thereof against the front end of the shding-spindle e, in order 
to move the same endways in like manner as occasional magnetism 
would do, and then on releasing the button P, the sliding-rod e, re- 
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turns by reaction of its spring m, wherefore by alternately pressing 
and releasing the button p, the moving dial @, can be caused to turn 
round at pleasure, which is sometimes requisite (in like manner as 
setting the hands of a clock to time), in order to set the apparatus 
right at first starting, so that it may exhibit the same charactgr as 
its corresponding apparatus at the distant place. For whenever the 
two apparatuses at the near and at the distant places are left stand- 
ing stillin the intervals between making telegraphic communica- 
tions by them, the dials d, of both should always exhibit the blank 
character indicating that nothing is communicated ; or a cross +, 
may be marked on that part of the dial d, to indicate the blank, and 
whenever either apparatus does not indicate + or blank whilst it is 
so standing still in the interval between the making of communica- 
tions, then the person in charge of that apparatus will know that 
something is wrong, and he must use the button P, to set the dial of 
his apparatus to show + or blank, and if both apparatuses are set 
in that manner they will be properly prepared for use, for they 
will begin aright by exhibing hke characters on their respective 
dials, and then, provided that every part is in good order when they 
are put in operation by means of alternate excitement of temporary 
magnetism and cessation thereof, as hereinbefore explained, the 
mechanism of each apparatus will be operated upon simultaneously 
and precisely in the same manner, the one as the other, so that the 
dials /, of both will be moved round alike, and they will at all times 
exhibit like characters, whether they are moving on step by step or 
pausing or standing still. It is an indispensable condition for the 
successful communication of telegraphic intelligence that both should 
exhibit like characters, and whenever from default of attractive force 
irom the magnetism, or of reacting force by the spring end, or main- 
taining power B, in the clockwork, or from partial derangement of 
any part, either apparatus fails to move its dial contemporaneously 
with that of the other apparatus, so as by missing one or more 
times to get behind the other in the characters which it is exhibit- 
ing, then there will be a confusion in the telegraphic communica- 
tion ; but nevertheless the fault will be detected so soon as the person 
who is giving the signals comes to the close of a sentence or series 
of signals, and brings the dial of his apparatus to exhibit + or blank, 
and there leaves it standing still during a sufficient time to denote, 
as previously agreed, that he has come to such close, because the 
other dial, although it also stands still, will not indicate + or blank ; 
and if after standing still the sufficient time that is observed to be 
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the case, then the faulty dial must be set right by applying a finger’; 


to the button P, first pressing and then removing 
is brought round to exhibit its cross or blank. 
mechanism which may be employed as hereinbefore mentioned, to 
facilitate and expedite the alternate making and breaking of the 
metallic circuit which is to be formed for the transinission of an 


electric 


it, until the dial 


And as to 


the 


current through the two long conducting or telegraphic 


wires from pole to pole of the voltaic battery belonging to one of the 
apparatuses, and which said current will be also transmitted through 
all the coils around the voltaic magnets W W, of both apparatuses, 


and by 
oceasional 


consequent 
deseribed, 


above 


which 


or 


upon 


alternate 
temporary 
W W, becomes alternately 
by the attractive action 


its 
in 


cessation 


both 


magnetism 
excited 
thereof, 


the 


apparatuses 


and 
and then, 


making and breaking it 


of the 


cloekwork 


alike, 


is 


voltaic 


discontinued. 


by the 


that the 
magnets 
that 
reaction 


SO 


is actuated, as 


in 


order to 


turn round the dials of both apparatuses simultaneously and simi- 
larly, so as to exhibit lke characters by both dials, the said mech- 
anism for making and breaking the circuit may be constructed in 
various ways, but what we prefer, is, touse a movablecircle, having di- 


visions answerable to, and marked with lke characters to those on 
the dials dof the two apparatuses, the action of the said mechanism 
being such that the operator, by merely turning round that movable 
circle by his hand or finger, will cause the alternate making and 


breaking of the cireuit to take place, as is requisite for actuating 
the clock-work, so as to turn the dials round step by step, in the man- 
And the required alternation of making and 


ner already explained. 
breaking will be duly performed by the mechanism now about to 
be described, without other trouble to the operator than that of 
turning the said movable circle steadily round about with a tolera- 


bly slow motion : 


and as he does so, the dial ¢@ of both the appa- 


ratuses are caused, by the alternate making and breaking of the 


circuit, to turn about with a corresponding motion one to the other, 
and also to the motion that is given by the operator to the movable 
circle by his hand ; for, as the several characters thereof pass in 


succession, opposite to a fixed index, the dials 7 of both apparat- 


uses will 


movable circle which is for the moment opposite to or passing by 
. that index ; 


exhibit 


the 


Same 


character as that 


character on the 


« 


and when the ope rator ceases fur awhile to turn the 


movable circle, and leaves it standing still with any one of its char- 


acters opposite to the said index, then the dials of both apparatuses 
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will stand still also, and will both exhibit that said character. It 
will be known by-the pause that the dials make in their previous 
motion that the character which they exhibit whilst they do so 
pause is to be noted down by the person at the distant appartaus as 
a signal given to him, but he takes no notice of any of the charac- 
ters which his dial exhibits transiently and in a rapid succession as 
it moves slowly round, but it is when it makes a pause that he must 
observe and note down the character which it then exhibits, as a 
signal given to him ; and,in like manner, the person at the near ap- 
paratus who gives the signal whilst he is turning the movable 
circle round for that purpose, takes no notice of those characters on 
the movable circle which pass in rapid succession by the index 
thereof as he turns it round, but he confines his attention for the 
time to that particular character on the said movable circle which 
he then intends to use for giving a signal, and he turns the movable 
circle steadily but slowly round until he brings that particular char- 
acter opposite to the index, and there leaves it standing during a 
sufficient pause to denote that the said character is given by him, 
and is to be received by his correspondent as a signal. And from 
the office which is to be performed by the said movable circle and 
its mechanism, we call the same a communicator. A communica- 
tor, suitable to be used along with the apparatus represented in 
Sheet 1 (and already partly described), is also represented in that 
sheet, figure 6, being a horizontal plan, and figure 7 a side eleva- 
tion. Lis a round wooden board, serving as the base of the com- 
municator, the revolving circle of which is mounted on the upper 
end of an upright pillar or axis J, standing up from the centre of 
the base I. Kis the revolving circle, which is fitted by its centre 
on the upper end of the axis J, so as to turn round thereon with an 
easy motion, but with a gentle friction, in order that it may retain 
any position that may be given to it. The upper surface of the re- 
volving circle K is divided the same as the revolving dial, figure d, 
into twenty-four divisions, and each division is marked with one of 
the characters as shown in figure 6, so as to correspond exactly 
with the dial, figure 7; and opposite to every character a metal 
pin ¢ is fixed into the rim of the circle K, soas toradiate out there- 
from, and the pins g form twenty-four handles or figures pins for 
turning the circle round ; by applying the end of a finger to the in- 
terval between two of these pins ¢, and moving that finger round in 
a circular orbit, it thereby carries the circle K round with it. L is 
a pillar standing up from the base I, just beyond the circle de- 
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scribed by the ends of the finger pins g, for the purpose of sup*/ 
porting two wire pins s, s, which are fastened one above the other 
into the upper endof the pillar L, and project out horizontally there- 
from in a direction towards the centre of the circle K, one fixed pin 
$s being above and the other below the movable pins yg, which, as 
they are carrried round in circular motion, pass in succession be- 
tween the two fixed pins s, s, but without touching them. ‘The use 
of those fixed pins s, s, is to serve as the fixed index to the divisions 
and characters around the revolving circle K, and also to arrest the 
progress of the finger when it is moved round in a circular orbit as 
above mentioned, for, when that finger comes in contact with the 
said pins s, s, and is stopped thereby, the circle K will stand with 
that one of itstwenty-four characters atthe index pins s, s, which 
has been previously selected by the finger (when it was applied to 
the finger pins g), as the character that the finger was to bring round 
to the index s. It may be considered that the revolving circle K on 
the communicator, with its divisions and characters, is the counter- 
part of the revolving dials d of the clock-work apparatuses, and that 
the fixed index pins s, in designating which of these characters is 
exhibited, correspond to the apertures in the fixed dial plates c, fig- 
ures 1 and 2, through which the characters of the moving dials d 
are exhibited, and with that understanding the arrangements for al- 
ternating, making and breaking the metallic current of the tele- 
eraphie wires may be explained as follows: The edge or circumfer- 
ence of the revolving circle K, beneath the part from which the 
finger pins ¢ project out, is divided into twenty-four, and at every 
other division the edge is cut out to form twelve notches, being half as 
many as the number of divisions and finger pins g in the cirele K. 
These notches are disposed at equal distances apart and are filled 
up with pieces of wood which complete the circular form of the edge of 
the rim; but that circular edge is composed of a succession of wood 
and metal surface alternately. A blade spring 2, which is fastened 
to the base I, and stands up therefrom, applies its upper end to the 
said circular edge of the revolving circle K, so as to press against 
the same, and by the elasticity of the spring z, its said end is cer- 
tain to preserve an effective contact with that edge as the same 
turns round, but in so doing the contact of the spring z will be al- 
ternately on the wood and on the metal, and when it is on the metal 
the metallic circuit will be established or made, but when on the 
wood that cireuit will be broken. The spring 2 is always kept in 
metallic communication with one of the poles of the voltaic battery 
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will stand still also, and will both exhibit that said character. It 
will be known by-the pause that the dials make in their previous 
motion that the character which they exhibit whilst they do so 
pause is to be noted down by the person at the distant appartaus as 
a signal given to him, but he takes no notice of any of the charac- 
ters which his dial exhibits transiently and in a rapid succession as 
it moves slowly round, but it is when it makes a pause that he must 
observe and note down the character which it then exhibits, as a 
signal given to him ; and, in like manner, the person at the near ap- 
paratus who gives the signal whilst he is turning the movable 
circle round for that purpose, takes no notice of those characters on 
the movable circle which pass in rapid succession by the index 
thereof as he turns it round, but he confines his attention for the 
time to that particular character on the said movable circle which 
he then intends to use for giving a signal, and he turns the movable 
circle steadily but slowly round until he brings that particular char- 
acter opposite to the index, and there leaves it standing during a 
sufficient pause to denote that the said character is given by him, 
and is to be received by his correspondent as a signal. And from 
the office which is to be performed by the said movable circle and 
its mechanism, we call the same a communicator. A communica- 
tor, suitable to be used along with the apparatus represented in 
Sheet 1 (and already partly described), is also represented in that 
sheet, figure 6, being a horizontal plan, and figure 7 a side eleva- 
tion. Lis around wooden board, serving as the base of the com- 
municator, the revolving circle of which is mounted on the upper 
end of an upright pillar or axis J, standing up from the centre of 
the base I. Kis the revolving circle, which is fitted by its centre 
on the upper end of the axis J, so as to turn round thereon with an 
easy motion, but with a gentle friction, in order that it may retain 
any position that may be given to it. The upper surface of the re- 
volving circle K is divided the same as the revolving dial, figure d, 
into twenty-four divisions, and each division is marked with one of 
the characters as shown in figure 6, so as to correspond exactly 
with the dial, figure 7; and opposite to every character a metal 
pin ¢ is fixed into the rim of the circle K, soas toradiate out there- 
from, and the pins g form twenty-four handles or figures pins for 
turning the circle round ; by applying the end of a finger to the in- 
terval between two of these pins 7, and moving that finger round in 
a circular orbit, it thereby carries the circle K round with it. L is 
a pillar standing up from the base I, just beyond the circle de- 
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scribed by the ends of the finger pins g, for the purpose of sup*/ 


porting two wire pins s, s, which are fastened one above the other 
into the upper endof the pillar L, and project out horizontally there- 
from in a direction towards the centre of the circle K, one fixed pin 
$s being above and the other below the movable pins yg, which, as 
they are carrried round in circular motion, pass in succession be- 
tween the two fixed pins s, s, but without touching them. The use 
of those fixed pins s, s, is to serve as the fixed index to the divisions 
and characters around the revolving circle K, and also to arrest the 
progress of the finger when it is moved round in a circular orbit as 
above mentioned, for, when that finger comes in contact with the 
said pins s, s, and is stopped thereby, the circle K will stand with 
that one of its twenty-four characters atthe index pins s, s, which 
has been previously selected by the finger (when it was applied to 
the finger pins 7), as the character that the finger was to bring round 
to the index s. It may be considered that the revolving circle K on 
the communicator, with its divisions and characters, is the counter- 
part of the revolving dials ¢ of the clock-work apparatuses, and that 
the fixed index pins s, in designating which of these characters is 
exhibited, correspond to the apertures in the fixed dial plates c¢, fig- 
ures 1 and 2, through which the characters of the moving dials d 
are exhibited, and with that understanding the arrangements for al- 
ternating, making and breaking the metallic current of the tele- 
graphic wires may be explained as follows: The edge or circumfer- 
ence of the revolving circle K, beneath the part from which the 
finger pins g project out, 1s divided into twenty-four, and at every 
other division the edge is cut out to form twelve notches, being half as 
many as the number of divisions and finger pins g in the cirele K. 
These notches are disposed at equal distances apart and are filled 
up with pieces of wood which complete the circular form of the edge of 
the rim; but that circular edge is composed of a succession of wood 
and metal surface alternately. A blade spring z, which is fastened 
to the base I, and stands up therefrom, apples its upper end to the 
sald circular edge of the revolving circle K, so as to press against 
the same, and by the elasticity of the spring z, its said end is cer- 
tain to preserve an effective contact with that edge as the same 
turns round, but in so doing the contact of the spring z will be al- 
ternately on.the wood and on the metal, and when it is on the metal 
the metallic circuit will be established or made, but when on the 
wood that circuit will be broken. The spring 2 is always kept in 
metallic communication with one of the poles of the voltaic battery 
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button 21¢, to which the end of the long telegraphic wire 21 is con- 
nected, wherefore the two screw buttons, 21/7 and ¢l may be con- 
sidered as points upon the line of the long telegraphic wire 21, near 
to that end thereof which is always in connection with the copper 
pole of the battery, and it is at one of those points (for instance, 
21d) that the connection with the spring 2le branches off. The said 
branch and spring, 21e, produce no ettect whatever SO long as the 


end of that spring is merely in contact with the edge of its wooden 
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circle A, but there is a piece of metal inlaid into the circumference 
thereof at one place, to which place the spring 2le applies when- 
ever the revolving circle K is turned round, so that the blank char- 
acter (or +) on the revolving cirele K stands opposite to the fixed 
index pins s, and that said piece of metal in the wooden circle 4, 
being always in metallic connection with the metal of the circle kh, 
the said contact of the spring 2le with that piece of metal causes 
the end of the telegraphic wire 21 to become connected with the 
end of the other long telegraphic wire 22, because, as already stated, 
the metal of the circle K is kept in continual connection with that 
wire 22 by the continual metallic contact of the spring 22¢, where- 
fore whenever the revolving circle K of the communicator is turned 
round so as to bring its blank character (or +) opposite to its fixed 
index’pins s, then the ends of the two long telegraphic wires 21 and 
22 will be connected together, and then those two wires may be 
considered as conjoined into one very long wire, coming by a long 
course, 21, from the distant apparatus to the near apparatus, and 
there making a bend, and then going back again by the long course, 
22, to the distant apparatus ; and, at the same time, the upper end 
of the spring 2 applies to one of the pieces of wood in the edge of 
the under rim of the revolving circle K, so as to break off all con- 
nection between the metal of that circle K and the zine pole of the 
battery, and consequently all connection between that said pole and 
the telegraphic wire 22. Hence whenever the apparatus is left at 
rest, in the interval between successive telegraphic communications, it 
will have the aforesaid connections of its parts, and the position of 
the revolving circle, K, will be at its blank character (or +), and 
that is the position from which every fresh sentence of telegraphic 
communication, that is to be made by the apparatus, must set ont 
at its commencement; and likewise, as already stated, the moving 
dials d, of both the near and the distant clock-work apparatuses, 
must then exhibit the blank character (or +), and if either of them 
does not do so, it must be set right by aid of the knob P. in manner 
already described. 

Figures 1 and d and 6 and 7, sheet 1, represent the parts in the 
said starting position. These circumstances being understood, the 
mode of giving signals by the apparatus is as follows: Suppose the 
word D A Y isto be communicated, the character which is to be 
given as a first signal is to be selected upon the revolving circle 
whilst the same is standing still, and the finger is then to be inserted 
into the space behind that finger pin g, which radiates out from the 
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their starting position, viz., the blank character or (+), or if it was 
the (—) instead of the blank, a motion of only two divisions instead 
of three would have been requisite. To explain the operation of 
making and breaking the cireuit in detail, it must be recollected that 
at the starting or resting position, when the revolving cirele K and 
the dials ¢7 were all standing at their blank character (or +), as ap- 
pears in the drawing, that the spring z was then in contact with a 
piece of wood on the lower rim of the revolving circle K, and then 
therefore the metallic circuit was broken, because the zine pole of 
the battery was thereby disconnected from the long telegraphic wire 
twenty-two, to which that zinc pole belongs ; and although the other 
or copper pole of the battery remained connected with the end of 
the other telegraphic wire twenty-one, that one connection alone 
would not produce any of the effect of a circuit; and furthermore, 
the end of the two telegraphic wires twenty-one and twenty-two 
were connected together by the off branch from the end of the wire 
twenty-one, at twenty-one d,to the spring twenty-one ¢, because 
that spring was then in contact with the piece of metal of the wooden 
circle 4, which piece of metal is part of the metal of the revolving 
circle K, and that metal is always in connection by means of the 
spring twenty-two ¢ with the wire twentv-two,so that 1t may be con- 
sidered as the end thereof ; therefore, at the said starting or resting 
position no circuit being formed, there is no transmission of an elec- 
tric current, through the long telegraphic wires, nor is any mag- 
netism excited in the voltaic magnets of either of the clock-work 
mechanism the pieces of soft iron v in each clock-work will be with- 
drawn from the pieces of iron w wv at the poles of the magnet, by the 
reaction of the spring m. These circumstances being understood, it 
is easy to trace what change takes place when the revolving circie K 
first begins to move around the piece of metal which is in contact 
with the spring 21 ¢, passes away therefrom, leaving that spring in con- 
tact with the wood of the circle /, and thereby the previous connec- 
tion between the near ends of the two telegraphic wires 21,22 (that 
was effected by means of thespring and off branch 21 ¢) is broken, and 
the ends of the two telegraphic wires become disconnected one from 
the other, but still leaving the copper pole of the battery in undi- 
vided connection with the end of telegraphic wire 21; and as there 
is only one piece of metal in the wooden circle /, the ends of the 
two telegraphic wires will continue disconnected allthe time the re- 
volving circle K Foes round until it regains its resting position. 
Also by the same first motion of the revolving circle K, the piece of 
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K moves onwards the piece of wood in its rim / passes away from 
its contact with the spring z, and the metal part of that rim comes 
into contact, thereby making the cireult again, and instantly it 
transmits an electric current, which produces a renewal of all the 
effects above deseribed, including a further advance of the dials ¢, 
and the exhibition of their next character (viz. letter C); and as the 
revolving circle K continues to move onward always in the same direc- 
tion, the metal of its rim / passes away from its contact with the 
spring z and is succeeded by ib piece of wood, and the ecireuit is 
broken again as before, and that causes the dial to exhibit their 
next character (viz: letter D). In that manner the circuit is alter- 
nately made and broken by action of the revolving cirele AK, with 
the certainty of being decidedly made and decidedly broken at every 
alternation ; and if all the parts are kept in good working order there 
will be no failure of action in the dials 7 to exhibit a succeeding 
character for every succeeding alternation, although alternation may 
be made to sueceed each other with extreme rapidity by turning the 
revolving ‘circle K briskly round; and in order to avoid loss of 
time it will be desirable to turn it as quickly, as it is found by expe- 
rience that the action of the alternate making and breaking of the 
circuit, and the consequent operation of the voltaic magnets on the 
escapement and clock-work, can be performed without risk of failure 
to turn the dials correctly, but how quickly that may be will de- 
pend upon the perfection of the action of the clock-work apparatus 
and voltaic magnets, the conducting power and insulation of the 
long conducting or telegraphic wires, and the perfect contact of 41] 
the parts which are to form continuity of metal for the circuit. 
And although one ot the apparatuses at one end or terminus of th: 
line of the long telegraphic wires has been heretofore called the near 
apparatus, and the apparatus at the other end or terminus of that 
line, the distant apparatus, nevertheless that distinction was only 
used to facilitate the explanation and the description of the drawing. 
Sheet 1, which represents only one apparatus, and that one was 
considered as the near apparatus, but in reality no such distinction 
can be fairly established between the two apparatuses, because they 
are both precisely alike, and either one can be used to communicate 
signals to a person situated at the other apparatus, all that is requi- 
site to be observed is, that whenever the two apparatuses are left 
standing still in the interval between telegraphic communications, 
that the revolving circles K of their several communicators shall be 
left standing at their blank character (or +), in which case all the 
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ot the ends ot the bwo iong telegranhie wires will 
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and Whenever such signais are intended to be given, especially to 


persons so stationed at any of the intermediate apparatuses, the se- 
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own apparatus, and the two apparatuses at the two termini for g2iv- 
‘ 
Ing and receiving signals as the two terminal apparatuses were witD 


each other. 


a ntits the eeiiiees th : | 
The diagram Figure 9, sheet I], with the writing thereon, is for 


the purpose of explaining the general course of the long telegranhie 
wires 21 and 22. and their connections with the voltaie magnets W 
\W ot the CWO termina! apparatuses, together with t] e (yulsite 
branches, which have been already deseribed, for ecotnecting the 


communicator K and voltaic battery of each apparatus with the 


ends of the telegraphic wires 2l and 22. If the diagram. Figure 9. 


. ss 


is considered without the dotted lines it will represent proper ar- 
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rangements for a simple system of two terminal apparatus with their 
telegraphic wires, without any sort of intermediate apparatus, all 
the arrangements of which simple system have been already fully 
deseribed in) detail. 

But if the parts drawn in dotted lines are also included then the 
same diagram, Figure 9, will represent the entire system of two ter- 
minal apparatuses, with a complete intermediate apparatus pro- 
vided with its voltaic battery and its communicator, so as to be ca- 
pable of giving signals, as well as its clock-work mechanism, tor re- 
‘elving signals. 

figures 20 and 21, sheet Ll., represents another torm of the ap- 
paratus tor the attainment ot the same ypIects us the apparatus rep- 
resented in Figures [. IJ. ILL. IV. Sheet I, viz.. for the giving of 
signals by means of the alternate attractive force ot a temporary 
magnet and the reaction ot a spring, but in the present apparatus 
there 1s no Maintaining power tor the purpose of revolving the hand 
or dial for the indication of signals, but the movement of the dial 
or hand 1s caused solely by the alternation of the attractive torce of 
temporary magnetism and the reaction of a spring, which is caused 
tO produce ettects Sliniiar tO those produced OY the apparatus ‘al- 


ready described in Figures I, II, III, [V, Sheet I. I shall employ 


4 
+ 


the same letters as are used in those figures to indicate similar parts 


in the present apparatus. A is a plate supporting the varlous por- 
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tions of the mechanism; ¢@ is the axis, steadied by a leht spring ; 
on this axis is fixed the escapement little 4, and also a light revolv- 
Lng lal or hand @: that dial may be divided nd lettered as betore 
leseribed. and the escapement wheel /) Musi nave a ‘orresponding 
nu nber ot teeth. The pallets Or elaw Ker ana driver are TWO very 
dehcate springs terminating in claws projecting from the sliding 


jece of soft iron V projecting in the other direc- 
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n1IOn, towards the macnet \\ - one GCiaw of the paliet presses Centiv 
on one side of the wheel 4 for the purpose of catching the tooth in 
that whee: where the plece Of soft 1ron ¥Y 1s attracted by the mag- 


net, and draws it by its forward motion the space of one-half tooth 


, - . * 17 a : rm i1. ‘ ‘. ——— ] : 
in the direction of the arrow. The othe prong on the other side of 


the wheel / 1s adapted for ariving with 1ts claw another tooth in the 
’ 7 7 nu 7 } . 
wheel / for another Dali tooth, aS Soon as the temporary magnetism 
i * +) ag T TT o le t} " © V ‘ Ty ¢ }” : Ze ,) ane _ i] | , | ] 
nas Ceasec tO atbract the plece , Whereupon the spindie is pushed 
back by the small spring 7. It is obvious that when, by employ- 
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ing the communicator and 1tS vrccesSoOries., I igures 0, (, Sheet L. aD 


electric current shall be made to pass by the wires 21a, 210 through 
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the coils around the magnet w, the same will become magnetized 
and will attract the piece of soft iron V, and the wheel / will be ad- 
vanced half a tooth, as already explained, whereby the hand on the 
dial on the axis of the wheel 4 will be made to advance, but on a 
cessation of the current by a further movement of the communica- 
tor the spindle will be forced back by the spring m, as the magnet 
will no longer attract the piece of soft iron V, and a further advances 
of the hand or dial will be the result: and in both instances a sig- 
nal corresponding with that indicated by the communicator will b 
exhibited, all which is so closely corresponding with the action 
of the apparatus already SO fully deseribed wus tO need no further ex- 
planation. And, whereas, our aforesaid improvements have been 
hereinbefore described, as if the motion of the dial or hand, Figur 
d, Sheet I, always depended upon the attractive power of temporary 
magnetism anc the reaction of a spring m, but a magnetic needtle, 
placed within a multiplying coil, may be made to effect the same 
object, Figures 22 and 23, Sheet LJ, represent such a magnetic 
needle in its coil or multiplyer, Figure 22 being a front view and 
Figure 23 a plan. If the ends of the wire 2114, 21h. which form their 
coils around ¢/, the magnetic needle W are made to form part of an 
electric circuit, and if an electric current be transmitted through 
those coils, the magnetic needle will be detlected into the position 
represented in the drawing, and the pallet 7 fixed upon the axis 
ot the magnetic needle will force the escapement wheel 4 half a 
tooth in the direction of the arrow; then if the electric current were 
to be transmitted in a contrary direction through the said coils, the 
deflection of the needle will be reversed and the opposite arm of the 
pallet would push the escapement wheel 4 forward through th: 
space of another half tooth and so on, and the hand or dial ¢/, Fi 
ure 23. on the axis @, would indicate a fresh signal with each s 
motion, and at each successive change ot the detleetion ot thie nicwg- 
netic needle, caused by the course ot the electric current through 
the coil W being reversed, a fresh indication would be given by th: 
dial or hand in like manner, as hereinbefore already exp! 

And respecting the sounding of alarums by the apparatus repre- 
sented in Sheet [., and hereinbefore described, the same means for 
that purpose as were deseribed in our said former specifi LTiIONn. in 
reference to figure R, Sheet I1., of the drawings thereto annexed 
and as were claimed at the conclusion of that specification sas 
seventh particular of the improvements secured to us by our tormer 
Letters Patent of the 12th of June, one thousand eight hundred and 
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thirty-seven. But in applying that mode of sounding alarums in 
sOnyUunctION vith Our present provements, LOW leseribing the 
same voltaic magnet, W, W, figures 2, 3, 4 and 5, that we have al- 
‘eadcy lescribed. ind its manner of action tor T1IVING signais, 1S also 
rendered available tor sounding vlarums. for this purpose the 
eT RK Vonieh sustalls the nagcnet W. W. aS ve@rore deseribed. S ih 
fact a love-tailed yroove il which A dove-tailed slider N 18 Hitted SO 
is to move horizontally across the direction of the length of the vol- 
alc Inagnets W \W wie that inagnet Is xed to ahtt supported VV 
the slider N, so as to be moved thereby, nha supporting ock N tor 
he m ponet 4 Delhng screwed to the slider N, and a stem extends hor- 
zontally from that slider through the wood case to the outside, 
having «a head O on the end DY Which it can be moved trom the out- 
side ; when the head O is pulled out as far as it will come out, the 
lider N is thereby noved so as to place the voltaic magnet W, W 
n th pOsitlon Shown in the (rawlings, aha Lerelmbvetore leseribed 
vith the poles «, « of the magnet W, W, opposite to the piece ol 
soft iron V of the « scapement, but when the head O 1s pushed in 
US Tar as lit will (FO then the slider N, with the Inagnet WV . W. will pe 
emoved away from the piece of soft iron YV, and will by the same 
notion be brought Opposite to unothe ike piece Ol Sort iron KK 
Vnichn belongs to the alarm, and which piece X is tastened on the 
xtreme end of a horizontal sliding spindle ”, whereon one detent 
r pallet is also fastened, and whenever the piece \ is not attracted 
yy magnetism, that pallet intercepts a pin in the fly wheel vy of the 


ilarum wheel work in order to detain that ny Vhneel from HOVINY, 


Lha onsequently tO prevent the alarum from soun nc, ihe siid- 
LIne spindle is provided with a reat ting spring |, having a reculat- 
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ng screw, the same as the regulating screw A Tor the reactlne screw 
» to the slider e of the escapement uready deserived. The wheel 
vork tor sounding the alarum is actuated by a main spring 8, 
hich, by a cog-wheel and pinion, turns the serrated tooth wheel ¢/, 
Vbich, DY acting mn suitable pallets, noves the hammer of the 
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arum DaCKWards and torwards SO as to strike the vel H Lk SOULE 


the alarum. On the axis of the serrated wheel «@ is a y= W hier 
hich, VV a plnion, turns the Hy wheel 7 round whenever the piece 


tf soft iron X& is attracted by the excitement of occasional or tem- 
POLAL } nagnetism in the voltaic Inagnet W, W, when it will craw 
he pincdle endways, so that the detent thereot will release the 
in in the Hy vheel y and allow the alarum to OUunad, ahd it 


Wii COLTINUE TO GO sO Uuntl the cessation oF the sald magnetism 
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when the reacting spring 1 will move the: sliding spindle x end- 
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e w Ss 
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or to the next aAcjacent character, letter A. tor instance, or let- 
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dred and thirty-eight, for improvements in giving signals and sound- 
ing alarums at distant places by means of electric currents trans- 
mitted through metallic circuits, and whereof the specification 
stands enrolled in the chapel of the rolls, and in that specification 
it was, amongst other matters, explained, and was claimed at the 
conclusion of that specification, under the head designated part:F, 
in reference to the sounding of alarums, how the angular motion of 
a magnetic needle that is produced by an electric current trans- 
mitted through coils surrounding a space wherein that needle is in- 
cluded, can be caused to disengage the detaining detent or stop of 
any sufficiently clock or watch work alarum, so as to allow the 
wheel work thereof to be put into motion by the mechanical force 
and action of its own mechanism in order to sound the alarum by 
action of that mechanism. And although an alarum can be sounded 
in that manner by the application of a very slight force for the pur- 
pose of removing the detent, nevertheless, as it is essential to that 
mode that the magnetic needle should exert the whole of the force 
requisite for that purpose, part of our present improvements now 
about to be described is for sounding an alarum by aid of the an- 
gular motion of such magnetic needle when the deflecting force 
thereof is only sufficiently strong to cause a slight angular motion 
of that needle, even although the needle of itself should not have 
sufficient force to produce any sensible mechanical action. This 
improvement is effected by the addition of a hammer F, figure 17, 
sheet LV., which is movable about a horizontal axis as a center of 
motion, and which hammer is lifted by means of pins in a wheel 2, 
which is turned regularly round by the maintaining power of the 
clock-work to which it belongs with a continual motion, so that by 
the pins pressing in succession upon the tail or short end of the 
hammer I’, its head will be caused to strike blows at regular inter- 
vals, but a stop @ is fixed in a suitable position to check the descent 
of the hammer, and it strikes its blows upon that stop 4, except 
when the alarum belonging to the said clock-work is to be sounded. 
The clock-work may be of any ordinary construction, urged by a 
maintaining power, and regulated by a pendulum or otherwise, so 
as to keep constantly going ; and if it 1s adapted to give a speed of 
two revolutions of the wheel v in a minute, when there are four pins 
in that wheel v, the hammer F will strike eight times in every min- 
ute on the stop 6; and immediately beneath the head of the ham- 
mer F the detent D of the alarum part of the clock is situated, by 
which detent D the wheel-work of that alarum is detained and pre- 
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vented from sounding ; but by striking on the stop 4 the hammer F 
is prevented from descending far enough to come in contact with 
that detent D, and therefore the blows of the hammer have no ef- 
fect thereon, unless some piece of metal is interposed between the 
hammer F and the detent D, and then the blow of the hammer on 
the interposed body would be communicated to the detent D, so as 
to depress the same sufficiently to release the wheel-work of the 
alarum, and then the alarum will be sounded by the action of its 
own mechanism. The said interposition of a piece of metal between 
the hammer F and the detent D is effected by the upper end of the 
magnetic needle G, when the same is caused to perform an angular 
motion about its center by action of an electric current as aforesaid, 
and however slight the deflecting force of the needle may be, if it is 
sufficient to produce so much angular motion of the needle as to in- 
terpose its upper end between the detent D and the hammer F, it 
will sufiice for sounding the alarum, because it has only to transmit 
to the detent D the blow of the hammer which was before inopera- 
tive thereon. ‘The manner by which the requisite angular motion 
of a magnetic needle is obtained by means of an electric current, 
having been fully explained in the said former specifications, need 
not be repeated. And it is obvious that other machinery, actuated 
by a maintaining power, with forcible motion, and capable of regu- 
lating the speed of its own motion, may be made to perform the 
duty above ascribed to clock-work in alternately raising and let- 
ting fall a hammer, or otherwise striking, so as to cause the dis- 
charge of a detent in consequence of the interposition of the end of 
a magretic needle, or else of any hard substance which may be 
moved or cause to be moved by an electric current, whether a mag- 
netic needle or a piece of iron, attracted by temporary magnetic at- 
traction, so as to become interposed between the body so moved by 
machinery and the detent of the alarum. And although our afore- 
said improvements have been hereinbefore described, as if the afore- 
said occasional magnetism in the voltaic magnets W would always 
be excited by an electric current, excited by a voltaic battery, yet it 
is not essential that the electric current is caused by any means to 
pass through the coils round the magnet W, occasional magnetism 
will be excited in such magnet by such current, and all t 
hereinbefore described as arising from the aforesaid excitement of 
occasional magnetism, by means of an electric current excited by a 
voltaic battery, will follow in the same manner from an excitement 
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ce continuatior of occasional magnetism by an electric cur- 
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eited DV other means. 
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he improvement how about to be deseribed, a Magc- 
ric machine is substituted for a voltaic battery for the 
ibove mentioned, and the same may, under some circum- 
ea more convenient agent, as requiring comparatiy ely 


‘are and attention. 


. ee . ‘| “ - . ‘ se? r> ] > yy > 7 . >| _¥ 
LPures LS. LY. 20. Sheet LV.. IS a Inhagcneto-eiectri machine, 


— 


Lv De ot ordinary construction. Wis nw tTemporarv macnet 
, r ? , ] ] § 
Lurk cLeSeription to the magnet W. nereinvetore deseribed., 
i 


} ° 1} ° 1 
Same Is xed upon an axis “« 10 SUltabtie proximity to the 


« 
t magnet W?. Such being the position of the parts, it 
from the well-known laws ot magneto-electricitv, that 


temporary magnet W'! is at rest with either of its poles 
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iagnet W*?; but let the temporary magnet \\ be moved 
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Such mMacnet. a Momentary electric current will he eX- 
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ism a distinct and available signal is obtained by each action, and 


one by each reaction of the escapement wheel, on the other hand 
by magneto-electricity an available signal is obtained by the reae- 
tion alone, because the action of the occasional magnetism upon 
the escapement wheel is merely momentary, and does not admit of 
the signal being prolonged for a sufficient time to be intelligible ; 
consequently the revolving dial, hereinbefore described as giving 
twenty-four signals uncer the influence of electro-magnetism, would, 
if submitted to the influence of magneto-electricity, according to 
our present improvement, give only twelve signals. The above 
particulars being understood, it may easily be explained how 1iiiige- 
neto-electricity 1s made available as a means of exciting occasional 
magnetism, the occasional magnetism being, as already described, 
excited by a change of the position of the temporary magnet W? 
relatively to the permanent magnet W%, it is obvious that, in the 
particular instrument now under description, such occasional mag- 
netism must be excited primarily by means of the motion of the 
axis a, by which alone such relative position of the temporary mag- 
net can be changed. For the purpose of acting upon the axis in a 
convenient manner, it is made to terminate in a small cog wheel / 
working into a large cog wheel, K. The large cog wheel may be 
considered as performing an office nearly similar to the communi- 
eator hereinbefore described, for it is divided into twelve equal 
parts by twelve pins projecting from one side of its rim, each pin 
representing one of the twelve signals which the apparatus is capa 

ble of giving, and being suitably marked accordingly. The cogs i 
the two wheels are so arranged that a motion of the large wheel, K, 
through one of its twelve divisions — that 1s to Sav, SO that any Ole 
of its pins being at first opposite to any given point, the wheel is 
moved till the next pln becomes opposite to the same polit the 
axis of the temporary magnet will thereby be caused to perform 
half a revolution, so as by changing the relative position of the said 
temporary magnet, and consequently by exciting momentary oc- 
casional magnetisin. to give by reaction one signal as hereinbefore 
mentioned, and so also as to replace the temporary magnet in a 
suitable position for a repetition of the process. But masmuch as 
the temporary magnet has performed only half and not an entire 
revolution, the position of its poles relatively to thos of the per- 
manent magnet has become reversed, consequently further mechan- 
isin is necessary for the purpose of causing the next electric cur- 
rent, which may be excited, as aforesaid, to flow in the same direc- 
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tion as before, and not in a contrary direction. This object is at- 
tained by interposing a disc, p, between the magnet W' and the 
small cog wheel & A simple form of the disc might be a solid dise 
of vrass or copper, containing merely a narrow strip of wood or 
other non-conducting material extending from side to side through 
its centre, SO as to divide the whole dise into two solid semi-circular 
insulated pieces of metal, or else the dise May be as shown in 


Ficure LS, LY. ZU), merely coated by lates ot metal insulated trom 


| 
each other by ali interposed piece of Ww ood. Whichever form may 
be adopted, the end of one of the coils is to be fastened to one of the 
pieces or plates of metal, and the end of the other coil to the other 
piece, so that the ends of the two coils may be insulated from each 
other, and that the end of each nay terminate in a distinct metallic 
piece Or plate forming part of the said dise. The arrangement is 
such that whenever the two poles of the temporary magnet W!' are 
placed in either direction opposite to the poles of the permanent 


Magnet W 2. the tWoO pleces or plates ot metal ot the lise p, and 


cohsequently the ends of the coils connected with them, as atore- 
sald. are respectively in hecessary connection with the CWO springs 
>z (viz., one of such pieces or plates of metal with one spring and 
the other with the other spring), and the said springs with the but- 
tons and wires belonging to and connected with them form one 
continulty of metal SO as TO combine the said eos and the continu- 
ation thereof into one metallic circuit capable ot transmitting an 
electric current upon a change of the position of the temporary 
Inagnet Wt as aforesaid. But when, by means hereinbetore de- 
scribed, the axis @ is caused to perform half a revolution, as afore- 
sald, the sale half revolution ot the AXIS er CaAS1IONS also halt ad revo- 


— 3 7 7 ? re is 7 : sl ’ ] q | a : ' 
ition OF the CGLISC 2? and the arrangement is such that aithough at 


the end of such half revolution of the said dise the metatie pieces 


or plates thereof are still placed in such positions as to complete 
the continuity of the metallic circuit, nevertheless there is occa- 
sioned by such half revolution of the disc a reversal of the springs 
with which the metallic pieces z plates were betore in contaet 
onsequentiv, by the reversal of the springs the aforesaid reversal 
of the pole s ot the te mporary magnet Wt is neutralized, and the 
electric current is on every excitement thereof, as aforesaid, trans- 
mitted in the same direction from the Springs 2 < into the wires 
communicating therewith. And it has already been « xplaine d that 
the exhibition of the characters which denote signals may be made 
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ya MOvabie Index, or hand like the seconds hand otf a clock, 
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pointing to characters on a fixed dial, instead of a movable dial //, 
as represented in the apparatus, sheet I. A moving hand may be 
preferred as being lighter and more readily put in motion than a 
moving dial, but when a hand and fixed dial is used, the communi- 
cator shall be a counterpart thereof, having its character fixed in a 
circle with a movable index to point out them, instead of having its 
characters on a movable circle with a fixed index to point to them, 
as 1s represented in sheet I., and already described. 

Sheet ILI., represents an apparatus for affecting the same pur- 
poses as that already described, but constructed with a movable 
hand to point to characters on a fixed dial, and with a communica- 
tor suitable for that mode of indicating the characters. And where- 
as 1t is proper for the person who is giving signals by aid of the 
communicator to keep hiseye upon the dial of his own apparatus 
(whether it be a moving dial or a moving hand), in order to observe 
and keep watch whether the signals which he intends to give are all 
truly exhibited), and that his communicator and his dial concur 
truly in exhibiting the same characters, it will greatly facilitate such 
observing and watching of the progress of the dial or hand if the 
circular motion of the communicator is made concentric with and 
round about that of the dial or hand, which may be done by making 
the movable circle of the communicator a cireular ring fitted to move 
around the circumference of the dial which occupies the interior of 
such ring. The apparatus represented in Sheet ILI. is constructed 
in that manner. And whereas it has been hereinbefore described 
that the resting position of the apparatus when no telegraphic com- 
munication is going on is a period of inaction of the occasional or 
temporary magnetism of the voltaic magnets, it should be under- 
stood that the same is not a necessary condition, for the apparatus 
may be constructed so as to remain at rest during the excitement of 
the occasional magnetism, which must in that case be kept steadily 
maintained during all the time of the intervals between making tele- 
eraphic communication by the apparatus. The apparatus represe nted 
in sheet ILL. is constructed in that manner. And, whereas, according 
to the description hereinbefore contained, although the attractive 
force attendant upon the excitement of occasional or temporar 
magnetism in the voltaic magnets is caused to produce the action 
requisite for giving signals, nevertheless that action is always fol- 
lowed by reaction by the force of a reacting weight or spring, which 
is overcome by the attractive force of the magnetism when the same 
is excited, but on the cessation of the magnetism then that reacting 
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paratuses, whereby the several] pieces of soft iron in those appar- 
atuses will all be attracted towards the right hand: but. on the con 
trary, if the wire 22 is disconnected at one of its ends. leaving thie 
fellow wire 23 connected at each of its ends with the two termina! 
batteries, then the electric current that is transmitted through the 
V ire 23 wil] excite occasional] magnetism 11) the left-handmost voltaic 
magnet of each apparatus, whereb- the severn! pieces Of soft iron uv 
those apparatuses W it] all be attracted towards thir left hand The 
conditions being premised, the construction ot the apparatus, rep 


i 
i i is ‘ pial 


resented in sheet III., may be thus deseribed: Figur 
of one termina! apparatus, and hieure 12 the other termina appal 
atus ; figure 15, being an intermediate apparatus, which, in order t 
simplify the description, ay 10) the present Ln supposed Hop lose 

ist, but that the two long telegraphic wires, 22 and 28, extend fror 
fieure 1] TO heure 12. as 1S shown by thie mere double Hues VILLOUT 
color, Which pass over figure 13, without any connection with that 
figure. The two terminal apparatuses, figures 1] and 12, are exactly 
alike, although those two figures are drawn rather different, in orde 
to explain interior or exterior parts ; and figure 14 is ‘a vertical se 

tion of both or either apparatus to show the interior mechanis) 


The wooden box Or Case ot the apparatus iS shaped SOlUe WHAT Like 


a small writing desk, for when the case I is placed on a table o 
horizontal! piane, the uppet sic Ol Cie Cust fork 

clined plane or surface on which the revolving cireular ris 
hy ot the communicator ippears surrounding Live nxyed cia 
cr. whereon the characters Lhe marke ci clit i Wiii 

the movable hand / points A hance (j is nxed LO ti 


revolving ring KK, and projects upwards and Onwards thereiro 


convenient manner tor appiving the hand or a Thhige t 
order to turn it around: and < is a sipal! pointer wi pect 1} 
; | i ] : ] , ‘ : 4 , i i 
wards from the handle g7,in order to point to divisions which are 
. ; . ’ . ] 4 ; i i , ; 
marked around the fixed run J, about which the ring K revolves 
, : . i | , 
its centre OT motion ; and the same Characters arou 
, * . ; ' 7 ’ ; 4 
Which thie mand applies and poilts mm order To WMaGIcAk Ue’ SILA 
, ) = — 
also serve for directing, by aid of the pointer s, where th th 
of the communicator K shall be turned to ane STOpper rae 
hh 


communicate each signal, and i> thie CODIDIUNDICAaAvo 
steadily and deliberately round by its handi IE thie bial 

turned round at the same rate DD the action of the occasional mac 
netisn “and thie eloeck-work. SO as TO keep this } > mmt of The nan 


alWAaYVS chine eted towards the pointe) ‘ that is. provided THAT The 
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paratus acts correctiv : but if it does not. the fault cannot escape 


servation: the hand d will not be directed towards the pointer &, 


it ought to be. The clock-work 1s contained in the box beneath 
7 1 A (figure 14) are the plates of the trame of the clock- 
| 3, the spring barrel for the maintaining power, which acts by 
y Yr cham and msee | which fusee does not appear 1) heoure 14) 


th a train of three wheels and three pinions to turn the axis @ 

the escapement wheel 4, the end of which axis « passes through 
plate ¢, and has the hand fixed upon the extreme end of 

the pallets or anchor of the escapement IS athxed to an AXIS ¢ 
their centre of motion, beyond which a lever arm projects out 
he anchor (see figures 15 and 14), and the soft piece of iron V 
ithxed to the extre mit of that lever arm in a proper position be- 
yveeh thre pol pieces WU, 7 the two voltale Magnets W. W. W. W., 
hereot one Inagnet 1s supported by it CYOSS bar Ma fixed at one side 


the two ciock pilates “v,d¢,and the other magnet to a like cross 


rv atthe other side. Those magnets are (or may be) the same as 
pore sented at fi mre o sheet l. and hereibetore deseribed. Rach 
inet consisting of two cylindrical pieces of soft iron, with a num- 
r Of COs OT wire around it. the two pleces so colled being united 
CTE!) Lb oka end oft each I it connecting piece ot iron wv, 
d two such magnets bemg used ; they are supported by screwing 
C1) CSpecive connected pieces m to the supporting cross bar 7 ot 
Line Che pieces of iron w, 7, which are fixed to the ends or 

les of each of the Iavnets \W. \\ , \\ : W. are opposite the other, 
LVinhiY such Space between them its IS suitable tor the reception ot 
ce of sott iron V of the escapement, and for the extent of mo- 
Which that piece of ron requires to have, in order that the escape- 

Ht may act properly , to permit the teeth of the escapement wheel 4 
escape half a tooth a time, in the usual manner of clock escape- 


ts,excepting that the teeth of the escapeme nt wheel 4, and those 
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ts of the pallets which act therewith are cut with a much ereater 
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pe Lh respect to each other than Is usual ee well made CLOCKS, in 
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ry that the etfort which the maintalmine power of the spring b 
ts to turn the ¢ scapement W heel 6 round may operate to ure 
‘ts Tirst one way and then the other with so much force as 
} i | 4 | - A. ! : ' } a 
ceep them effectually in motion trom right to ert tMndk DbACK 
i } j } ] + | ‘ " . 
th It to right alternately, Without anv chance of thelr re- 
! ; } 4 } | 4 

Wheh leit to themselves, being ever able TO stop The motlon 

} ' > } | * i. 
WLlee Out Wheh occasional hagnetlish is excited lh Oot! 
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VOltaic magnets, between Which the piece of soft iron V is in 
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cluded, the attractive force of that magnetism, although operating 
upon that piece 7; at opposite sides thereof, will nevertheless ACI 
so much more powerfully on that one side of the piece V which is 
nearest the magnet on that side as to effectually detain the said pec 
V from moving, notwithstanding the tendency of the wheel / to move 
the same. For. is every magnet acts with it very oreat increase of 
attractive force upon a piece of iron which is so far very near to it 
as almost to touch over and above the attractive force of the same 
magnet can exert on the same piece of Iron when it is removed to a 
small distance, it follows that when, by action of the escapement 
the piece of iron V has been moved as far as it can go towards 
either of the voltaic magnets, for instance, the right-handmost (both 
being equally excited); it will then stand so very near to the pieces 
ot iron u, uU, at the poles ot that neht-handmost Phieagedie t. that al- 
though it does not actually touch them, nevertheless the attractive 
force ot those pieces ¢. U4 will most completely overpower all the 
effort that the escapement can exert to move the piece VY back again 
or towards the left hand, and that notwithstanding the other or left- 
handmost magnet is at the time exerting its attractive force upon 
the piece of iron V to draw it towards the left hand, because thie 
said attractive force is so much lessened by the distance at which it 
acts upon the piece V, that, although acting in concert with the ten 
dency of the escapement, 1t will not be able to move the piece Vin 
opposition to the very much stronger force wherewith the other o1 
right-handmost magnet, owing to its proximity, holds the piece Y 
towards the right, wherefore the plece \ will by effectually di tained 
and the escapement wheel 4, together with the hand ¢/, prevent 
from turning, but will stand motionless. pointing to the san 
acter on the dial ¢ solong as the excitement of both magnets is con. 
tinued. And itis to be understood respecting the action of the ap- 
paratus, sheet tis oh long as the spring b Ol Clo k-work continu - 
wound up, that in all Gases when the hand ISSO kk. pt stand yy motion 
less, pointing to the character on the dial ¢, it will be when both magnets 
are excited with occasional or temporary magnetism at once, as above 
deseribed, although when the hand 1s so resting it will be sometime 
with the piece of iron V attracted or detained Dy ACTION fowarcs 
the right-hand voltaic Magnet, and at othe r tine Ss TOWATCUS T! 
hand voltaic Magnet. But whenever the said occasional magnetism of 
f iron V 


so held attracted and detained (SUPPpPoOse, for instance. the neht hand 


that voltaic magnet against or towards what the pi ce « 


bead? Sear : 
ceases for a moment. then the said piece V. being no longer attract 
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towards the right, will obey the influence of the escapement and allow 
the same to let one half tooth of the wheel 4 escape, so as to turn the 
hand round fron one character to the next, for that said influence causes 
the piece V to retreat to the left away from the said right hand- 
most voltaic magnet, against which it was before held and detained, 
and to approach very suddenly towards the opposite or left-hand- 
most voltaic magnet which does continue to be excited, and whereof 
the attractive force towards the left, although slght, acts in aid of 
the said influence of the escapement; but the united tendency of 
the said attractive force to the left, together with the tendency ot 
the escapement was not sufficient to move the piece V towards the 
left away from the right-handmost voltaic magnet, to which it was 
near, until the magnetism thereof ceased. ‘That cessation may be 
only momentary, and the same right-handmost voltaic magnet may 
be excited afresh, but it will not in consequence recall the piece ot 
iron V back again towards it, notwithstanding that the escapement 
now tends to move it back to the right, because the left-handmost 
voltaic magnet now attracts the piece of iron V with the greatest 
force in consequence of the nearness thereot ; and in detaining the 
piece V from moving will keep the escapement wheel and the hand 
standing still until the temporary magnetism of the left-handmost 
voltaic magnet is caused to cease for a moment, and then the piece 
V, being no longer attracted thereby, will move away therefrom 
towards the right and allow the escapement wheel 4 to turn another 
half tooth and turn the hand round to another character, and so on 
every time the occasional magnetism of either voltaic magnet is 
caused to cease fora moment the escapement wheel is allowed to 
move round half a tooth. And the requisite making and breaking 
of the cireuit which will produce such momentary cessations of the 
oceasional magnetism of first one voltaic magnet and then the other 
suitably tor the above purpose, and which it is the office of the 
communicator to perform, may be thus explained: The revolving 
circle ring K has teeth around its circumference which act in those 
a small pinion, Ol the AXIS whereot ra | small circle Or wheel / is fixed. 
The number of the teeth on the ring IK exceeds those of the pinion 
as many times as there are teeth in the escapement wheel / ; (in the 
present instance that is fifteen teeth, the dial being divided into 
that number, or thirty divisions and characters); hence the small 
circle / 1s caused to make one-half turn for each character. It has 
a piece of bone or wood fitted into a large notch in its circumference, 


and the rest of the circumference is metal, which metal is always 
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kept connected with the pole of the battery by a wire z!. Two 
springs, 222 and 232 apply with their extremities in contact with 
opposite parts of the circumference of the circle /, and those springs 
are always in connection with the ends of the two long telegraphic 
wires yy anal 33. which iS before mentioned, form colls around the 
several voltaic magnets, one wire around the right-handmost, and 
the other wire about the left-handimost of those magnets. <As the 
circle / turns round one or other or else both of the springs 222, 
232, torm contact with the metal of that circumference, and thereby 
they connect one or other or else both the telegraphic wires 22 and 
23 with the pole of the battery. The piece of bone in the said cir- 
cuinterence applies sometimes tO one spring 222, sometimes to thi 
other 232, but never to both, wheretore solmetimes one telegraph 
wire, 22, and at other times the other telegraph wire 23, becomes 
disconnected during a moment from the battery. The course of 
the several wires is so evident from the drawing as to require no 
further explanation. Whenever either apparatus is left standing 
still, and no telegraphic communication is making by it, then the 
handle yg of that communicator K must be turned upwards, to 
point by its pointer s to the blank character on the dial as is the case 
in Figure 15, and then the circle / stands with the metal part of 
the circumference in contact with both the springs 222, 232, and 
consequently that end of both telegraphic wires 22 and 23 are con- 
nected with the pole of the battery at that terminus. The other 
apparatus, Figure 11, is represented in the act of giving a signa!, 
the revolving circular ring K of its communicator being turned 
round by its handle g until its pointer « is directed to the characte 
on the dial, which character may denote the conclusion of a word 
and that the commencement of a succeeding word in the telegraph 
communication is about to be given. The hand ¢ points to the 
same character and so does also the hand of the other apparatus, 
Figure 13, and indicates to the person stationed at that apparatus 
that he is to note down that character as a signa! giveh to him. 
The circle 4 in Figure 11 now presents the metal part of its en 

cumference to the two springs 222, 252, and therefore that end of 
both telegraphic wires are connected with the battery at that term: 

nus, and the opposite ends, Figure 15, of the same two wires, 22. 
Zo. being also connected with the battery at that terminus. it fOUOWS 
that all the voltaic magnets (right hand as well as left hand) will be 
excited, and, as already explained, both terminal apparatuses, Fig 
ures 11 and 13, will detain their pieces of iron V and the pallets of 
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their escapements from allowing their respective escapement wheels 
h and hands d from moving. When a succeeding signal is to be 
civen (Suppose character letter G, for instance) then the handle d 
is to be moved steadily round until that handle and its pointer s 
gets round to point to that said letter G on the dial; and as the 
circle of the communicator K moves round the handle ¢ will accom- 
pany it with a corresponding motion, and also the other /, Figure 
11, will move at the same rate, so as always to point to the same 
characters one hand as the other. This advancing motion of the 
two hands step by step, alike is produced by momentary cessations 
of the excitement of magnetism in the several voltaic magnets alter- 
nately in the right-hand ones and in the left-hand ones, as already 
fully explained, that alternation being according as the piece of 
bone in the circumference of the revolving circle / is turned 
towards a left-hand spring 232, or towards a righthand spring 222, 
for to which ever side and spring that bone is for the time turned 
it will cause a momentary discontinuance of the excitement of the 
voltaic magnet on that same side; but that discontinuance is only 
momentary, because the handle g makes no stop in passing round 
from one character to another which is to be indicated, but is moved 
steadily round; and as the circle 4 then revolves quickly its plece ot 
bone runs past the end of that spring, to which in turn it presents 
itself in an instant, and whenever the handle g and revolving cirele 
K of the communicator is brought to rest it will be with its pointer s 
exactly over a division on the fixed circle J thereof, and with the 
pointer s opposite to a character on the dial,in which case the piece 
of bone will be either at the lower or else at the upper part ot the 
circle 4, out of the way of contact with either of the springs 222 or 
252, which will both be in contact with the metal of the cirele A, 
and consequently both telegraphic wires 22 and 23 will be con- 
nected with the batteries, and all the voltaic magnets will be ex- 
cited. And note, owing to the larger portion of the circumference 
of the circle 4 being metal and only a small portion thereof of bone, 
it follows that the contact of one spring with the metal will always 
take place before the other spring quits contact with the metal, by 
which means the re-excitement of the voltaic magnets on one side 
will always precede the discontinuance of the excitement of those 
on the other side, in order to insure that it shall never happen that 
neither are excited ; for if that were to happen the piece of iron VY 
would not be detained, but would allow the escapement wheel to 


move the pallets and the plece of iron V backwards and forwards 
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and turn around together with the hand; and at any time, if the 
apparatus is going decidedly wrong, that fault will be shown by the 
hand beginning to move round of itself. And as to sounding 
alarums, the clock-work for so doing is disposed in the same plates 
A A with the other clock-work, as is shown in figures 12 or 14, 
wherein § is the main-spring for the maintaining power of the 
alarum; H, its bell; v, its serrated wheel, which moves the hammer 
y for ringing that bell. O is the head of a slider, which, pushed in, 
catches the hammer to stop it from ringing, but when drawn out al- 
lows the hammer to act and sound the alarum whenever the ordi- 
nary stop detent of the alarum is disengaged, which is done by a 
pin or by pins in one of the wheels 7 of the clock-work, wherefore, 
in order to sound the alarum after preparation has been made by 
drawing out the head O, then the handle 2 of the communicator K 
being turned all round to allow the escapement wheel to turn round, 
that motion must bring one of the pins of the wheel 7 to the de- 
tent of the alarum, so as, by releasing that detent, to let off the 
alarum for sounding. But whenever that sounding is not desired 
the head O is pushed in. And note, if at any time the hand ¢ gets 
wrong, so as not to correspond to the pointer s, the communicator 
K can be set right by turning it round in the backwards direction until 
the pointer s gets round opposite to the hand d, which will not move 
backwards. And as to the intermediate apparatus, figure 13, it is 
on the same construction as the two terminal apparatuses, figures 
11 and 12, except in having two of the small revolving circles / and 
AJ in place of one of such circles, and there is a spring 227, 237, to 
each of those circles. The telegraphic wires 22 and 25 take tli 

course drawn and colored in sheet III., for connecting with the in 

termediate apparatus, figure 13. The spring 22y connects by a 
short wire with the left hand end of the coils around the right- 
handmost voltaic magnet, and the other spring 23y connects by a 
wire with the left hand of the coils around the left-handinost vol- 
taic magnet. The telegraphic wire 22, from the terminal apparatus, 
figure 11, joins by the wire 22” to the right-hand end of the coils 
around the right-handmost voltaic magnet, and the other telegraphic 
wire 23, from the other terminal apparatus, figure 11, is connected 
by a wire 23x with the metal of the revolving circle /, and the tei 

graphic wire 22, from that other terminal apparatus, figure 12, con- 
nects by the branch 22¢ to the other revolving circle 1/; also, the 
telegraphic wire 23, from the terminal apparatus, figure 12, connects 


by a branch with the revolving circle A; when thus connected the 
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intermediate apparatus, figure 13,is adapted to give signals by 
turning the handle g of its communicator K round, or, if that han- 
dle g is turned upwards, as in figure 13, and left standing there, the 
apparatus will be prepared for receiving signals in the same manner 
as either of the terminal apparatuses, figures 11 or 12, would do; 
but no battery is necessarily required for the intermediate appa- 
ratus, figure 13, the two batteries at the terminal apparatuses, 
figures 11 and 12, serving for the whole system shown in sheet IIL, 
or the same intermediate apparatus, figure 13, may also be used as 
a portable apparatus, to be connected with any part of the long line 
of the telegraphic wires 22, 23, where the means of connection have 
been provided, which, in the case of a road or a railway, may be at 
the mile posts. 40 represents the top of such a post. ‘The wires 
22, 23, are conducted up into two holes therein, where the contin- 
uity of each of those wires when in ordinary use is dependent upon 
the contact of two pairs of springs, 50, 51, 60, 61, which, by clos- 
ing together, complete the metallic continuity of each of the two 
telegraphic wires 22 and 23; but whenever the portable apparatus, 
figure 13, is to be applied to the long telegraphic wires at such a 
mile post 40, its box or case is placed thereon in figure 13, and two 
wooden wedges, which project downward from that case, are in- 
serted into the said holes in the top of that post 40, so as to enter 
between the two pairs of springs, 50, 51, and 60, 61, in order to 
wedge in between and separate the two springs of each pair one 
from the other, and thereby break the metallic continuity of each 
of the long telegraphic wires. But the said wedge pieces have a 
pair of metal plates applied to each side of each wedge, with wires 
221, 22n, 232, 23x, ascending up into the apparatus from each metal 
plate ; those plates having no metallic connection one with the 
other, but being in contact with the springs 50, 51, 60, 61, they, 
with their said ascending wires aforesaid, connect the parts of 
the apparatus with the long telegraphic wires in the manner as 
already described of figure 12, when considered as an _ inter- 
mediate apparatus. Figure 6, Sheet III., represents the escape- 
ment of the apparatus contained in that sheet on a large scale, to 
show how the pallets and the teeth of the escapement wheel 4 
should be sloped in order to qualify them for performing in the 
manner already explained, and Figure W shows how two pieces of 
soft iron, V V, may be fixed to the pallets themselves in order to be 
attracted alternately in contrary directions by voltaic magnets, W, 
W and W, W, disposed at opposite sides of those pallets. Figure 
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H shows a different kind of escapement, which may be used in the 
apparatus contained in Sheet III., if the same were to be con- 
structed ina simple manner without any spring barrel for main- 
taining power or train of wheel work to turn the escapement wheel 
4round together with the hand; but the force for that purpose 
must be wholly derived from the attractive force of the occasional 
magnetism; and the pallets are formed as represented, so that by 
being alternately moved one way and then the other, they will act 
on the teeth of the wheel 4 to turn it round. The piece or pieces 
of soft iron, which are to be operated upon by the said attractive 
force, may be applied either as represented in figure 12 or figure W 
And for telegraphic communication between places which are too 
distant for an electric current to be transmitted all the way with 
sufficient vigor to be certain in its operation, a chain of such appa- 
ratuses as hereinbefore described must be established to communi- 
cate one to another through the whole distance, in which case what 
has been called the distant terminus of one apparatus will be situ- 
ated close by the commencing terminus of the next apparatus, and 
the signals there received from one apparatus must be sent forward 
by the next apparatus, and so on, all which requires no explana- 
tion, because it is well known in the usual system of telegraphic 
communication, and forms no part of our present invention. And 
the same may be said of the telegraphic language or system of sig- 
nals and their significations. Those systems which are well known 
and in use for other telegraphs may be used, or they may be modi- 
fied, but they form no part of our invention. 

Having now described our said improvements, I, the said Charles 
Wheatstone, for myself and for the said William Fothergill Cooke, 
do hereby declare that the new invention whereof the exclusive use 
is granted to us by the said letters patent of the twenty-first day 
of January, one thousand eight hundred and forty, consists in the 
following particulars: And note, whereas the particulars of im- 
provements which were claimed by me and William Fothergill 
Cooke in the former specification, by virtue of our patent of the 
twelfth day of June, one thousand eight hundred and thirty-seven, 
were therein enumerated as “ firstly,” “ secondly,” and so in due 


order up to ‘ ninthly -? and also whereas the several particulars of 


improvements claimed by the said Wilham Fothergill Cooke in an- 
other specification, by virtue of letters patent granted to him on 
the eighteenth day of April, one thousand eight hundred and thirty- 
eight, were therein enumerated as Part A, Part B and so on in due 
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order up to Part F, I shall, in order to avoid confusion therewith, 
enumerate the several particulars of improvements which we, Charles 
Wheatstone and William Fothergill Cooke, now claim in the speci- 
fication by virtue of our said letters patent of the twenty-first of 
January, one thousand eight hundred and forty, under the heads or 
titles Part G, Part H, and so on as follows, and represented in 
figures 4 to 5, Sheet L, and figures 11, 12 and 13. 

Part G is the improvement, hereinbefore fully described, of em- 
ploying the attractive force of occasional or temporary magnetism 
which is excited in soft iron by means of electric currents trans- 
mitted through metallic circuits, for the purpose, by alternately ex- 
citing and ceasing to excite such magnetism, of producing, by inter- 
vention of suitable mechanism such as hereinbefore described (but 
the construction of which mechanism may be greatly varied), and 
such motion of a hand or other indicator for poimting to characters 
on a fixed dial as will qualify that hand or indicator for exhibiting 
those characters in a suitable manner for giving signals, or of pro- 
ducing such motion of a dial with characters thereon as will qualify 
that dial for exhibiting those characters in a suitable manner for 


FiViIne sl 


gnals, or employing the said attractive forces for the pur- 


pose of governing, directing and controlling, by the intervention of 
suitable mechanism, such as hereinbefore described (but the con- 
struction of which mechanism may be greatly varied), the motion, 
as aforesaid, such hand or other indicator, or of such dial, when the 
force or power requisite for producing that motion is derived from or 
is assisted by action of an independent maintaining power, so that 
the motion is only directed, governed, or controlled by the said 
attractive force of occasional or temporary magnetism, and that 
whether the aforesaid electric currents are excited by means of vol- 
taic batteries, or any kind of magneto-electric or other machine or 
apparatus capable of producing such currents. 

Part H. is the improvement, hereinbefore described, of the 
mechanism, which we have called a communicator, for alternately 
making and breaking any such metallic surface as is suitable for the 
transmission of electric currents in spiral convolutions around 
masses of soft iron, so as to excite occasional or temporary or vol- 
taic megnetism in such masses whenever the said circuit is made 
and cessation of that magnetism whenever the said circiut is broken, 
in order by such alternate making and breaking of the circuit in 
rapid succession (without necessity for pause) as many times in suc- 
cession as is required to obtain alternate excitement and cessation 
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the preceding part G of our improvements) motion of hand or a 
dial, or else of regulating such motion as is stated in the said pre- 


of the said magnetism, for the purpose of producing (according to 


ceding Part G, 

Part I is the improvement, hereinbefore described, and repre- 
sented at figure Sheet LV., of the drawings hereunto annexed, 
for sounding alarums in distant places by aid of machinery, which is 
kept in continual motion by any suitable maintaining power, that 


regulator, and which machinery at regular intervals, by raising a 
hammer or other like means, strikes with sufficient force for releas- 
ing the detaining detent of the wheel work through its alarum, pro- 
vided that the blow was struck on that detent, but which it is pre- 
vented by some suitable stop from doing, unless the end of a mag- 
netic needle is interposed between such detent and the hammer, so 


| as to transmit the blow thereof to the detent and release the same 

in order to sound the alarum, such interposition of the end of that 

magnetic needle resulting from its angular motion caused by the 

| transmission of an electric current through multiplying coils of con- 
ducting wire surrounding the space wherein such needle is con- 
tained; or, in leu of a magnetic needle to be moved with angular 

motion by an electric current for the purpose of so interposing a 
solid body between the hammer and the detent, as aforesaid, the 
requisite motion for interposing may be derived from the attractive 
force of occasional magnetism excited in a voltaic magnet, by an 
electric current, and acting ona piece of iron connected in any 
suitable manner with the solid body which is to be interposed by 
such occasional magnetism. 

Part J. is the improvement hereinbefore described, and repre- 
sented in figure 22, sheet IL., where by the angular motions which 
may be given by electric currents to magnetic needles, which are 
movable in spaces surrounded by multiplying coils of wire, forming 
metallic circuits through which such electric currents are transmit- 
ted is caused to give motion by the intervention of suitable mechan- 
ism to a hand or dial for exhibiting characters in a suitable manner 

for given signals. 

Part K is the improvement hereinbefore described, and repre- 
sented in figures 18, 19 and 20, sheet IV., for employing the attrac- 
tive force of occasional or temporary magnetism which will be 
excited in soft iron by ‘transmission of electric currents through 
metallic circuits for the purpose, by action of such attractive force 


motion being kept regulated as to speed by any suitable kind of 
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on suitable mechanism, of sounding alarums, when such electric 
currents are produced by magneto-electric apparatus instead of by 
voltaic batteries. 

Part Lis the improvement hereinbefore described and represented 
in figures 11, 12 and 13, sheet III., whereby the revolving apparatus 
which we call a communicator (as stated and claimed in Part H) is 
rendered concentric with the dial or hand whereby the characters 
are exhibited, the revolving motion of such concentric communica- 
tor being coincident with that of the hand or dial when exhibiting 
characters. 

Part M is the improvement hereinbefore described, and repre- 
sented in figures 11, 12 and 13, sheet III., whereby one of the long 
telegraphic wires being appropriated to the voltaic batteries by 
which electric currents are to be produced, and two other long tele- 
graphic wires being provided to transmit the current in one direc- 
tion (but the current divided between those two), the same battery 
is enabled to serve apparatuses at great distances asunder without 
necessity for employing a battery at each apparatus, and therefore 
a portable apparatus maybe applied to any part of the length of 
the telegraphic wires, as shown by figure 12, without the inconve- 
nience of carrying a battery therewith. 

Part N is the improvement hereinbefore described, and repre- 
sented in figures 11, 12 and 13, sheet [II., whereby the rest of ces- 
sation of motion in the hands or dials, by which characters are 
exhibited, is derived from the continued transmission of an electric 
current through the metallic circuit, which extends throughout the 
whole system of apparatuses; and also whereby momentary cessa- 
tions of such current through one or other of the two wires, both 
of which usually transmit the current in one direction (but the cur- 
rent divided between those two), such momentary cessations are 
made to produce, by intervention of suitable mechanism, motions 
of a hand or dial and other parts adequate for the purposes of ex- 
hibiting signals and sounding alarums. 

In witness whereof I, the said Charles Wheatstone, 
have hereunto set my hand and seal, this 
twenty-first day of July, one thousand eight- 
hundred and forty. 

CHARLES [L. 8.] WHEATSTONE. 


‘““WHEATSTONE AND COOKE PATENT.” 231 


And be it remembered, that on the twenty-first day of July, in 
the third year of the reign of her Majesty Queen Victoria, the said 
Charles Wheatstone came before our said Lady the Queen, in her 
Chancery, and acknowledged the instrument aforesaid, and all and 
every thing therein contained and specified in form above written. 
And also the instrument aforesaid was stamped according to the 
tenor of the statute made in the fifty-fifth year of the reign of His 
Late Majesty King George the Third. 

Inrolled the twenty-first day of July one thousand eight hundred 
and forty. 
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Defendants’ Exhibit, *‘Gray’s Organ Pipe 
Transmitter Patent.” 


J. A. W., Ex’r. 


[Introduced in Record, p. 11.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN AUTOMATIC CIRCUIT-BREAKERS FOR ELECTRO 
HARMONIC TELEGRAPHS. 


Specification forming a part of Letters Patent No. 173,460, dated 
February 15, 1876. Application filed January 8, 1876. 


To all whom it may concern: 


Be it known that I, EtisHa Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful improve- 
ment in automatic circuit-breakers for electro-harmonic telegaaphs, 
of which the following is a specification : 

My invention relates to electro-harmonic telegraphs of the class 
secured to me by Letters Patent of the United States, numbered re- 
spectively 176,095 and 166,096, granted July 27, 1875. Its object is 
to produce a simple and effective circuit-breaker, vibrating auto- 
matically with sufficient rapidity to produce a musical tone of a 
given pitch, the electrical impulses thus generated being transmitted 
through an electric circuit and reproduced at the other end of the 
line, as set forth in my patents above mentioned, to which end my 
improvement consists in combining with an organ or other wind- 
pipe, a diaphragm vibrated by sounding said pipe, and an electric 
circuit connected with said diaphragm so as to be opened and closed 
by its vibrations. 

In the accompanying drawings, which exemplify one of the best 
ways now known to me of carrying out the objects of my invention. 
Figure 1 represents a plan view of my improved apparatus; Fig. 2 
a side view, and Fig. 3 a longitudinal, vertical section there through 
on the line of Fig. 

An organ-pipe, A, is shown as made with an opening @, in its 
side, over which a membranous diaphragm 3, is stretched. One wire 
of the circuit is connected with a binding post, C, from which a wire, 
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c, leads to a platina point, 0’, on the diaphragm underneath a set 
screw, D, mounted on a bar or frame, d, connected with a binding 
post, E, to which the other wire of the circuit is attached. 

When the column of air in the pipets vibrated by sounding the pipe 
the diaphragm will vibrate correspondingly with the musical tone thus 
produced, and open and close the circuit accordingly, thus trans- 
mitting the vibrations to the receiving instrument for utilization, as 
mentioned in my patents before referred to. 

Obviously the vibrations of several pipes giving notes of differ- 
ent pitch may be simultaneously transmitted through a single wire 
by suitable mechanism. 

I claim : 

The combination, substantially as hereinbefore set forth, of an 
organ-pipe, a membranous diaphragm vibrated by sounding said 
pipe, and an electric circuit opened and closed by said vibrations. 


In testimony whereof, I have hereunto subscribed my 


name. 
ELIsHa GRAY. 


Witnesses : 
Enos M. Barton, 
Gro. H. Buss. . 
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(No. 51.) Defendants’ Exhibit, Gray’s Reed Transmit- 
ter. 


J. A. W., Ex’r. 


[Introduced in Record, p. 12.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN TRANSMITTERS FOR ELECTRO-HARMONIC TELE. 
GRAPHS. 


Specifications forming part of Letters Patent No. 165,728, dated 
July 20, 1875 ; application filed June 28, 1875. 


— 


To all whom it Nay COnCETH - 


Be it known that I, ExisHa Gray, of Chicago, in the County of 
Cook and State of Llinois, have invented certain new and useful 
Improvements in transmitters for Electro-Harmonic Telegraphs, of 
which the following is a specification : 

My invention relates to telegraphic apparatus of that class 
in which a circuit-breaking spring is automatically vibrated with 
sufficient rapidity to produce a musical tone. : 

In such instruments as heretofore constructed, so far asmy knowl- 
edge extends, electro-magnets, by which the spring is attracted 
have always been placed on one side of the vibrating bar or electro- 
tome by which the musical note was produced. A tendency has | 
consequently existed toward the disturbance of its vibrations. | 

The object of my invention is to remedy this defect ; to which 
end my improvements consist in arranging upon opposite sides of 
the vibrating springs of the electrotome, electro-magnets of such 


relative power as to impart impulses of equal force upon each 
side of the vibrating spring alternately at equal intervals, thus secur- 
ing its isochronous vibration. My invention further consists in 


E. GRAY. 
Transmitter for Electro-Harmonic ielegraph. 
No. 165,728. Patented July 20, 1875. 
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combining, with the magnets and vibrating spring or reed, shunting 
wires so arranged as automatically to transfer the current from one 
magnet to the other without the use of a switch. 

In the accompanying drawings, which show so much of my im- 


proved: apparatus as is necessary to illustrate the subject-matter 


herein claimed, Figure 1 is a plan or top view, and Fig. 2, a vertical 
transverse section there through, on the line x 2, Fig. 1. 
The apparatus is mounted upon an ordinary base-board, A. A 


steel-bar spring or vibrating reed, B, tuned to give a musical tone of 


a given. pitch when thrown into vibration is secured by one end toa 
post, C; while its free end extends between two pairs of magnets, D 
D’ E FE’, arranged transversely to the reeds in the plane of its vibra- 
tion, their poles being arranged just far enough apart to accommo- 
date this vibratory movement. IF F’ GG’ are binding screws to 
which the main and local battery wires are respectively connected. 
The magnets D JD’ are wound with a resistance of about sixteen 
ohms or units of resistance, while magnets E E’ have only a resist- 
ance of about four ohms. . 

It is a well-known fact that when two magnets of different resist- 
ances, other things being equal, are placed in the same circuit and a 
battery+current sent through them, the magnet having the higher 
resistance develops the stronger magnetism, which magnetism 1s 
stronger in proportion as the resistance is higher than that of the 


other magnet. 


In other words, if the magnet E E’, when alone in 


the circuit, have a power, say, of four, their effect will be diminished 


to a power of one when magnets D D’ are let in, and the power of 


the letter will rise from zero to five. 

The reed B is provided with spring contact-points / 4’, arranged 
one on each side thereof, intermediate between the magnets and its 
supporting post. When the reed is at rest these points are in con- 


tact with adjusting screws 7 7, of binding posts II’. Fig. 1 shows. 


the battery connections. The mainline M L extends from the bind- 
ing screw G through the wrie 1 to the reed supporting post C; thence 
through the reed and its contact point 4’ to the binding screw I’; 
thence to the binding screw G’. The local circuit passes from the 
battery through the binding post F by the wire L to the magnets D 
D’; thence by the wire L! through the reed supporting post C, and 
the wire L? to the magnets E E’ ; thence by the wire L? to the bind- 
ing EF’. In addition to this a shunt wire S passes from the binding 
post F to the post I, through the contact point 4 to the reed and its 


supporting post C, where it connects with the local circuit L L?. 
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The operation of the apparatus is as follows : 

When the local circuit is established the current does not pass 
through the magnets D D’ by the wire L, as it finds an easier pas- 
sage through the shunt wire S and contact point 4, vibrating reed B, 
posts C, and wire L?, to the magnets E E’; thence by the wire L§, 
to the other pole of the local battery. The passage of this current 
develops in the latter magnet the power, say, of four, which is ex- 
erted upon the vibrating reed B. and draws it toward the poles of 
the magnet. When the reed is moved a short distance in obedience 
to this impulse, its movement causes the contact point 4 to separate 
from the binding screw 7, when, of course, the current will no longer 
flow through the shunt wire S, but passes from the post F through 
the wire L directly to the magnets D D’, and from thence through 
the wires L! L?, to the magnets E E’; thence through the wire L$ 
to the post F’, which connects with the other pole of the local bat- 
tery. This raises the power of the magnets D D’ from zero to 4 
power of five, while the other magnets drop fom four to one. The 
result is, that the reed vibrates back towards the magnets D D’ with 
the same force that it did toward the other magnets—that is, 
a power of four each way. When the points 6 7 come in contact 
again the magnets D D’ are cut out of the circuit by the establish- 
ment of the current through the shunt wire 8S, and their power drops 
to zero, and the operation above described is repeated. This alter- 
nate opening and closing of the circuit takes place with a frequency 
equal to the rate per second sufficient to produce the fundamental 
tone of the vibrating reed. The main line current is interrupted at 
every vibration of the reed by the separation of the contact points 
bv’, consequently a series of impulses corresponding in number with 
the said vibrations, will be transmitted to a suitable receiver and re- 
produced in a tone of corresponding pitch to that of the vibrating 
reed, as fully explained in sundry applications for Letters Patent of 
the United States, for apparatus for transmitting musical impres- 
sions or sounds telegraphically, heretofore filed by me. 

The advantages of my improvement are, that the impulses im- 
parted to the vibrating reed being alike on both sides, its centre of 
vibration coincides with the axis of the reed when at rest. The 
isochronous vibration of the reed is thus preserved in its integrity, 
and, consequently, that of the electric waves or impulses generated 
by it, which are transmitied through the main line, which impulses 
determine those of the receiver, and the vibrating reed is prevented 
from being thrown out of tune with the receiver of variations in the 
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battery power, which variations are liable to occur in the cvtinarh} aie 
method. 
I daim— 
1. The combination, substantially as hereinbefore set forth, of 
the vibrating electrotome and magnets arranged on opposite sides 
thereof, of such relative capacity as to impart impulses of equal 
force at. intervals upon each side of the vibrating electrotome alter- 
nately, whereby its isochronous vibration is secured. 
2. The combination, substantially as hereinbefore set forth, of 
the vibrating reed, its counter-poise magnets, a local circuit, and the 
shunt wire, whereby the current is automatically changed to each 
set of magnets. 
In testimony whereof, I have hereunto subscribed my name. 
EnisHa Gray. 
Witnesses : 
' Wma. J. PEYTON, 
K. C. Davripson. 
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(No. 52) Defendants’ Exhibit, Lockwood & Bart- 
lett’s Patent for Transmitter for Telephones. 


J. A. Welch, Special Examiner, May 14, 1884. 


[Introduced in Record, p. 12.] 


UNITED STATES PATENT OFFICE. 


ROBERT M. LOCKWOOD AND SAMUEL H. BARTLETT, OF NEW YORK, N. 
Y. ASSIGNORS OF ONE-HALF OF THEIR RIGHT TO CHARLES F. 
LIVERMORE, OF THE SAME PLACE. 


TRANSMITTER FOR TELEPHONES. 


Specification forming part of Letters Patent No. 228,824, dated 
June loth, 1880. Application filed March 9, 1880 (No model). 


To all whom it MAY CONCETN ? 

Be it known that we, Robert M. Lockwood and Samuel H. 
5 Bartlett, both of the City, County and State of New York, 
have invented certain new and useful improvements in trans- 
mitters for telephones or Vocal Telegraphs, of which the fol- 
lowing is a full, clear and exact description, reference being had 
10 to the accompanying drawing, which represents our im- 

proved transmitter in section. 
In the telephones as heretofore constructed the transmitting 
instrument, or that which received the sound waves and trans- 
15 mits them to the electrically-charged conductors, has been 
organized upon the theory of mechanical vibration due to the 
action of the sound waves, and from this has arisen the device 
of a thin flexible metallic diaphragm, the vibrations of which 
20 were transmitted by the electric current tothe receiver; and 
all telephones in what may be termed successful operation in 
one form or another, so far as we are acquainted with them, 
employ this so-called “ mechanical vibration.” We propose to 
dispense with this mechanical vibration, and as a substi- 
tute therefor we employ what we term “ molecular ” disturbance 
or vibration, the construction of our apparatus being such as to 
30 prevent, as far as practicable, anything in the nature of me- 
chanical vibration. This feature was partially developed in an 
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No. 228,824. 


Patented June 15, 1880. 
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application for letters patent filed by us Nov. 3, 1879, but in 
that the carbon plates, while supported by the non-resonant ma- 
terial, were left uncovered at their inner adjacent ends, and 
sound chambers were formed in the non-resonant block on op- 
posite sides, thereof, one of which communicated with the ex- 
ternal atmosphere, rendering the plates and the connecting 
button liable to be more or less affected or mechanically 
disturbed by the direct action of the sound waves. In the 
present instance we embed the carbon or conducting plates 
solidly throughout their entire length in and cover or surround 
said plates and the button with the non-resonant material, 
as hereinafter explained. 

In the accompanying drawing, A represents a base plate of 
wood, upon which is secured a block or cylinder, B, of cork or 
other suitable non-resonant material. Near the upper end 
of this block two bars or plates of carbon, 06, or other suitable 
conductors of electricity, are secured by being solidly embedded 
in the cork, as shown. These bars are arranged transverse- 
ly of the block, extending from near its centre to or nearly to 
its outer face, on opposite sides as shown. Between the inner 
adjacent ends of these bars is placed a headed pin of carbon or 
other suitable conducting material similar to that of which 
the bars are composed, the head of said pin constituting what 
we term a “ button,” which connects the two plates and rests 
upon the adjacent ends of the bars by its own gravity. A cavity 
is' formed in the block B directly over this button, to give 
access to it for removing or replacing it, and this cavity, when 
the button is in place, is closed by a plug Bb’, of similar mater- 
ial to that of which the body of the block is formed, and 
which rests in close proximity with and prevents accidental 
displacement of the button. The block B thus formed, with 
the carbon bars embedded within it, is by preference fitted 
snugly in a metal cylinder D, the open end of which. rests 
against the base plate A, the other end being covered by a 
metal cup or cover D’, screwed upon or otherwise firmly se- 
cured thereto, and the metal case is in turn covered with leath- 
er, rubber, canton-fiannel, or other soft non-resonant ma- 
terial, as shown but the metal cylinder and its covering may be 
dispensed with. 

Wires ¢ e, are connected. with the carbon plates 4 4, one to 
each, and extend thence out through the body B of the block 
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in any convenient direction, and are connected at their outer 
ends to screw posts ff on the base plate A. The main-line 
wires connected with the battery are also connected with 
these screw posts in the same manner as in an ordinary tele- 
graph instrument, and as will be seen, the wires e e, carban 
plates 6 6, and button 42 serve to connect said main line wires 
and thereby complete the circuit. 

The sound waves in speaking, &c., are received upon the 
face or sides of the block of non-resonant material, or upon its 
covering described, and are communicated through said block 
and the carbon plates to the button 62 and through what we 
term a “ molecular disturbance” the action or disturbance of 
the latter is communicated through the plates to the elec- 
trically charged wires ee, which complete the battery circuit, 
and thence over the main line wires to the point connected 
therewith. Wo thus make use of the direct current from the 
battery in the transmission of the sound-waves, and are 
thus enabled to transmit them like distances and with the same 
precision as an ordinary telegraphic message is transmitted 

As will be seen, our construction of the transmitter is 
such as is calculated to, and we believe it does as far as practi- 
sable, obviate all so called ‘‘ mechanical vibration ” of the parts, 
for the carbon or conducting bars or plates being solidly 
cushioned or embedded in some firm non-resonant substance, 
(such as cork) the disturbance caused must be other than me- 
chanical and constitutes what we call “molecular” disturb- 
ance. 

The means for repeating or transmitting the vocal sounds 
over long lines or a series of circuits and for receiving the same 
are embraced in other applications filed herewith, and need not 
therefore be here described. 

Having now described our invention, we claim— 

1. In a transmitter for telephones or vocal sound telegraphs, 
a block of non-resonant substance provided with strips or plates 
of carbon or other conducting material embedded in it, for 

2. The block of non-resonant material having conductors 
embedded within it, and wires extending therefrom for connect- 
ing with the main line current, substantially as described. 

3. The non-resonant block in which the carbon plates are 
embedded, in combination with the enclosing metallic case 


or cylinder, substantially as described. 
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s 
4. The combination of the non-resonant block B, enclosing ‘} | 
metal case D, and flexible cover thereto, substantially as de- | 
scribed. 
Rost. M. Lockxwoop, 
SAMUEL H. BaRTLETT. 
Witnesses : 
F. L. OURAND, 
ALEX. Manon. 
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UNITED STATES PATENT OFFICE. 
ROBERT M. LOCKWOOD AND SAMUEL II. BARTLETT, OF NEW YORK, 
N. Y., ASSIGNORS OF ONE-HALF OF THEIR RIGHT TO CHARLES F. 
LIVERMORE, OF SAME PLACE. 


TELEPHONE RECEIVER. 


Specification forming part of Letters Patent No. 228,825, dated 
June 15th, 1880. Application filed April 30, 1880. (No model.) 


Lo all whom it May CONCETR- 
Be it known that we, Robert M. Lockwood and Samuel H. 

5 Bartlett, of the City, County and State of New York, have 
invented a new and useful Improvement in Telephone Re- 
ceivers, of which the following is a full, clear, and exact descrip- 
tion, reference being had to the accompanying drawings, mak- 
ing part of this specification, in which— 

10 Figure 1 represents our improved telephone or vocal sound 
telegraph receiver. Fig. 2 1s a similar view, showing a modi- 
fication in the manner of connecting the diaphragm with the 

15 magnet. Fig. 3 Gis an end view of the construction shown in 
Fig. 2, with the ear piece and diaphragm removed and Figs. 4 
and 5 are prospective views of the end of the magnet, having 
one the spring arm and the other the spring arm and diaphragm 
applied. 

20 Similar letters of reference denote corresponding parts 
whenever used. 

Our invention relates to a novel construction of the end of 

25 the magnet to which the diaphragm is connected, whereby 

through disturbance or variations of magnetic power between 

parts of the same pole of the magnet, vocal sounds are trans- 
mitted to the diaphragm or sounding board; and it consists in 
extending the pole in the form of a flat U-shaped spring, the 
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(No. 53.) Defendants’ Exhibit, Lockwood & Bartlett. 


J. A. Welch, Sp. Exr., May 14, ’84. 
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UNITED STATES PATENT OFFICE. 


ROBERT M. LOCKWOOD AND SAMUEL H. BARTLETT, OF NEW YORK, 


N. Y., ASSIGNORS OF ONE-HALF OF THEIR RIGHT TO CHARLES F. 
LIVERMORE, OF SAME PLACE. 


TELEPHONE RECEIVER. 


Specification forming part of Letters Patent No. 228,825, dated 
June 15th, 1880. Application filed April 30, 1880. (No model.) 


70 all whom it MAY COnCETNn-S 


10 


20 


30 


Be it known that we, Robert M. Lockwood and Samuel H. 
sartlett, of the City, Coanty and State of New York, have 
invented a new and useful Improvement in Telephone Re- 
ceivers, of which the following is a full, clear, and exact descrip- 
tion, reference being had to the accompanying drawings, mak- 
ing part of this specification, in which— 

Figure 1 represents our improved telephone or vocal sound 
telegraph receiver. Fig. 21s a similar view, showing a modi- 
fication in the manner of connecting the diaphragm with the 
magnet. Fig. 3 Gis an end view of the construction shown in 
Fig. 2, with the ear piece and diaphragm removed and Figs. 4 
and 5 are prospective views of the end of the magnet, having 
one the spring arm and the other the spring arm and diaphragm 
applied. 

Similar letters of reference denote corresponding parts 
whenever used. 

Our invention relates to a novel construction of the end of 
the magnet to which the diaphragm is connected, whereby 
through disturbance or variations of magnetic power between 
parts of the same pole of the magnet, vocal sounds are trans- 
mitted to the diaphragm or sounding board; and it consists in 
extending the pole in the form of a flat U-shaped spring, the 
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outer free end of which overhanging the end of the magnet er’ 
which it is an extension is expanded into or has the diaphragm 
connected with it, as hereinafter explained. 

3D In the accompanying drawings, A represents the body or 
handle of the receiver, made of wood or other suitable mate- 
rial, cylindrical in form, and enlarged at one end, A’, to accom- 
date the diaphragm B and ear-piece C secured thereto. 

40 The body or handle A is perforated longitudinally to receive 
the magnet D, the perforation in the enlarged end A’ being 
enlarged into a socket for a, the reception of a spool or helix, 
EK, surrounding the end D’ of the magnet as shown. The mag- 
net at the end D’ is drawn out,.reduced in size, and bent at a 
right angle to the body D of the magnet, or nearly so, extends 
to one side thereof in the form of a flat spring, ¢, recurved 
upon itself in U form until the outer arm or end, d’, overhangs 
the end D’ of the body of the magnet, as shown. 

30 Where the end @ is expanded to form the diaphragm B, as 
shown, the spring portion passes out through an opening in 
the head A’, and is there recurved so as to bring the diaphragm 
over the end thereof, where it is held in place by the ear-piece 
C, which is secured to said head or end by screws or other suit- 
able fastening devices ; but as good practical results have been 
obtained by making the diaphragm of different materials from 
the magnet, such as wood, paper, parchment, brass, &c., consti- 
tuting a sounding-board, the end ¢@ of the spring arm may ter- 
minate at a point overhanging the end D’ of the body of the 

60 magnet, and the diaphragm or sounding-board may be bolted 
or otherwise firmly fastened to it, as shown in Fig. 2. Where 
the latter form of construction is employed the magnet should 
be made adjustable longitudinally by means of a thumb-screw 
or equivalent device, as shown, for adjusting the tension of the 

65 disk or sounding-board B as may be necessary to give it the 
utmost efficiency. 

Under the arrangement described it will be seen that the 
spring arm ¢ d@’ forms an extension of the pole D’ of the mag- 

70 net, reduced in size, and its normal condition will be one of 
rest in relation thereto. Thus calling the current in the helix 
E one, the amount of magnetism in the magnet D at D’ will be 
one and that in the arm 7’ one, and the latter will be at rest. 
The body of the magnet lies within the helix, and is more easily 
and quickly effected by it, and constitutes, as 1t were, a reser- 
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voir from which the smaller arm d d’ is supplied. Now, sup- 
posing the current in the helix to be suddenly increased to two, 
the end D’ becomes two in advance of the end d@’, and for the 
instant attracts the latter until it becomes also two, when it 
again instantly repels it; then its normal condition as a part 
of the same pole is restored, and it returns to its position of 
rest, until again attracted or repelled through another disturb- 
ance of the current in the helix. Thus for each disturbance in 
the current there will be three distinct movements of the arm 
d’ or diaphragm B connected therewith. First, it will be drawn 
down or toward the end D’, then it will be repelled beyond its 
normal position, and finally, the equilibrium being restored, it 
moves back to rest. Thus it will be seen that the diaphragm 
is operated by differences or disturbances of degree of polarity 
or attraction and repulsion in the same pole. 

In Fig. 4 the magnet is shown made up of a number of 
strips, an extension of one of which forms the spring arm. 
This form obviates the necessity of drawing out the body of 
the magnet and facilitates its construction. 

We are aware that the pole or poles of a horseshoe magnet 
have been expanded to form a disk or diaphragm ; but in such 
cases, so far as we are advised, the diaphragm has been brought 
into such relation to the opposite pole of the magnet as to be 
acted upon and controlled or held under restraint by said pole 
by intercharge of polarity. This we do not claim; but, 

Having now described our invention, we claim— 

1. The pole of the magnet extended in the form of a later- 
ally-projecting recurved arm and connected with the diaphragm 
or sounding-board substantially as described. 

2. The curved spring and diaphragm, made in one piece 
with and forming an extension of the pole of the magnet, sub- 
stantially as described. 

3. The diaphragm connected with the magnet through the 
spring-extension of one pole of the latter and arranged with 
relation to said pole substantially as shown and described. 

In testimony whereof, we have hereunto set our hands 
this 29th day of April, A. D. 1880. 
LOBERT M. Lockwoop. 
SAMUEL H. BartLert, 
Witnesses : 
C. H. HANKINsON. 
T. W. Harrrie.p. 
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(No. 54) Defendants’ Exhibit, ‘** Deposition of William 
M. Goodridge.” (Introduced by Defendants in 
this cause, from Printed Record, Bell Telephone 
Company et al. vs. Peter A. Dowd, pp. 68-110.) 


J. A. W., Sp. Ex’r. 
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Direcr EXAMINATION BY CAUSTEN Browne, EsaQ., OF COUNSEL FOR 
DEFENDANT: 


Int. 1. What is your name, age, residence and occupation ? 

Ans. William M. Goodridge ; I am forty-three years old; I re- 
side at Highland Park, Illinois, and am assistant to Mr. Elisha Gray 
in the development of his electrical inventions. 

Int. 2. When did you begin to be so employed by Mr. Gray ? 

Ans. In the early part of the year 1874. 

Int. 5. In what month of 1874, if you can state, did you begin to 
be exclusively employed in the manner you have stated ? 

Ans. May; in the month of May. 

Int. 4. In what employment were you just before that ? 

Ans. In the employ of the Western Electric Manufacturing Com- 
pany, of Chicago, Illinois. 

Int. 5. What relation, if any, was Mr. Gray at that vime sustain- 
ing to that company ? 

Ans. He was the superintendent. 

Int. 6. In the course of your employment by Mr. Gray have you 
had occasion to make or assist in or superintend the making of dif- 
ferent instruments for the electrical transmission of musical 
tones ? 

Ans. I have. 

Int. 7. Did you do any such work for Mr. Gray before you be- 
came exclusively employed by him, which you say was in May, 
1874 ? 

Ans. I did. 

Int. 8. Will you state what that work was? And if the instru- 
ment then made is shown in the drawing of any patent or repre- 
sented by any model you have here, will you please refer to such 


patent or model ? 
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Ans. I made an instrument for the purpose of transmitting two 
tones simultaneously or singly over a telegraphic circuit which cir- 
cuit was closed. That (pointing to model marked ‘ Defendant’s 
Exhibit Gray’s Two Tone Transmitter ’’) is a duplicate of the instru- 


ment which I made. 


(The exhibit referred to is put in evidence by the defend- 
ant. ) 

The instrument is also shown in various views in Mr. 
Gray’s English patent of July 29, 1874, being marked “ De- 
fendant’s Exhibit Johnson Patent, Gray’s Magnetic Receiver, 


W. C. W., Ex’r.” (See p. 447.) 


Int. 9. You say you made this instrument before May, 1874; 
state as nearly as you can in what year and month it was ? 

Ans. It was made or commenced on the fourth of April, 1874. 

Int. 10. Did you see this instrument used at or about the time 
it was made? If so, who was using it and in what manner? 

Ans. I used it myself sufficiently to test its workings. I do not 
know or remember of seeing others use it at that time. 

Int. 11. As you used it, upon what were its transmitted tones re- 
ceived ? 

Ans. Upon a thin plate of metal, represented in figure 3, of the 
same patent I have referred to, representing the transmitting instru- 
ment. The plate of metal forming part of the circuit and being one 
pole, the body of the operator, being also part of the circuit, and 
being the other pole of the circuit, by rubbing the thin plate with the 
palm of the hand, sounds were produced between the plate and the 
hand. The plate used was a plate of tin or a sheet of German sil- 
ver ; an oyster can probably was also used for the purpose. 

Int. 12. Can you furnish us with a reproduction of the plate or 
sheet of metal, which you say was used as described in the last 
answer ? 

Ans. I can’t give vou the exact shape or form of it, but I can 
give you a piece that will answer the purpose. There is a piece 
that will illustrate the plate used. 


(The witness refers to a tin plate, which is put in evidence 
and marked “ Defendant’s Exhibit Tin Plate Receiver, W. C. 
W., Ex’r.” See p. 447.) 
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Int. 18. What does the screw which is attached to the side of this 
exhibit represent ? 

Ans. A convenient form for connecting it in the cireuit, but it 
was not used for the original test on the original plate, that connec- 
tion being made by resting the wire upon the plate or the plate 
upon the wire. 

Int. 14. What became of the two-tone transmitting instrument 
which you made and tried in the manner just described ? 

Ans. It was sent to Washington as a model for the Patent Office, 
to accompany Mr. Gray’s application for his Animal Tissue patent, 
so called, being the grant granted July 22, 1875, No. 166,096, marked 
“ Defendant’s Exhibit Gray’s Animal. Tissue Patent, W. C. W., 
Ex’r.” 

Int. 15. Did you after making the two-tone transmitter make an 
instrument for Mr. Gray for transmitting one tone? And if so, 
please describe the instrument which you so made ? 

Ans. I did. Ihave here an instrument, part of which is the 
original instrument, additions being added for convenience of con- 
nections of the line wires and battery. It consisted of a small elec- 
tro-magnet, with a piece of watch spring attached to one pole and 
extending across and free from the other; a screw was so placed 
that it touched the spring when at rest, the battery current passing 
through the magnet coil to the spring, from there to the screw, 
touching it back to the battery. The line wire was attached, one 
end to the screw the other to the spring, forming a continuous circuit 
from the battery, through the magnet coils, over the line back to the 
battery. When this spring is in contact with the screw, the battery 
current is short-circuited through the magnet ; when the spring and 
screw are separated the battery circuit is through the magnet and 
line; when the battery current is short-circuited a portion of the 
current is still upon the line, so that the circuit on the line was al- 


ways closed. 


[‘* The instrument referred to by the witness in the above 
answer and produced by him, is put in evidence for the de- 
fendant, and is marked “ Gray's First Single Tone 'Transmit- 
ter. W.C. W., Exr.” See p. 437. 


Int. 16. What parts of this model are the identical parts, as you 
said ? 
Ans. The magnets are the original ones. The watch spring is 
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new, but the clamp to hold it is the original piece. The heel iron 
is the original one. The new. parts are the base boards and the 
mountings and the binding screw. 

Int. 17. State, as nearly as you can, the time when you made the 
instrument like Exhibit Gray’s First Single Tone Transmitter ? 

Ans. In the early part of May, 1874. 

Int. 18. What means did you use or see used with this First Sin- 
gle Tone Transmitter, for receiving the transmitted tone over the 
closed circuit you have described ? 

Ans. I have used it and seen it used with all the various forms of 
receiver that we have used. 

Int. 19. Do you mean that you have used and seen used in this 
manner the identical instrument which you made in the early part 
of May, 1874? 

Ans. I do. 

Int. 20. Please describe each of the receiving instruments you 
refer to as having been used to receive the single tone from the 
transmitting instrument just mentioned ? 

Ans. First. The animal tissue receiver, before mentioned. 

SEcOND. Two improved forms of animal tissue receiver. 

Tuirp. A paper drum receiver. 

Fourtu. A magnet receiver, with a hollow tin box placed on or 
near the poles. 

Firru. Another form of magnet receiver, consisting in a concave 
metallic diaphragm. 

SixtH. Another form of magnet receiver, the magnets enclosed 
in a box. 

SEVENTH. Another form of magnet receiver, consisting of an iron 
plate mounted upon a sounding box. 

Then there were some receivers used which were modifications 
of the particular forms I have mentioned. 

Int. 21. Referring you now to the two improved forms of animal 
tissue receivers, will you state what the first one was, and produce 
it. or a representation of it, and explain the manner in which it was 
used ? 

Ans. The first one consisted of a thin plate of German silver 
mounted upon a violin in place of the strings. This iustrument, 
which I have in my hands, is either the original one or one just like 
it. When used one of the line wires was connected with the plate, 
the other held in the hand of the operator; and by his rubbing the 
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plate with the palm of the hand the tones sent by the transmitter 
would be produced between the plate and the hand. 


The instrument referred to by the witness is put in evi- 
dence and marked “ Defendant’s Exhibit Animal Tissue Vio- 
lin Receiver. W.C. W., Exr.” (See p. 438.) 


Int. 22. When and where was Gray’s first single-tone transmitter 
first used with the violin receiver just put in evidence ? 

Ans. In the early part of May, 1874, at the works of the Western 
Electric Manufacturing Company in Chicago. 

Int. 23. Now, as to the second of the improved forms of animal 
tissue receiver, will you describe it and its operation, and produce 
it, or a representation of it? 

Ans. In this instrument the plate of metal was mounted upon a 
revolving disk or drum, so as to attain a continuous forward motion, 
in connection with the hand, instead of forward and back, as with 
the violin. I produce an instrument which is a substantial repro- 
duction of the instrument just described. 


The instrument produced is put in evidence for the defend- 
ant and marked “‘ Defendant’s Exhibit Gray’s Animal Tissue 
Revolving Plate Receiver. W.C. W., Exr.” (See p. 439.) 


Int. 24. In what year and month was this revolving drum re- 
ceiver first used with the first Gray single tone transmitter, in a 
closed circuit, as vou have deseribed ? 

Ans. I can’t give you the month, but the year was 1875. 

Int. 25. Do you mean that that was the first of such a use, or the 
first that you knew of ? 

Ans. The first that I knew of. 

Int. 26. Was this revolving plate receiver afterwards combined 
with a Gaphragm transmitter for the purpose of transmitting articu- 
late speech through a closed electrical circuit ? 

Ans. It was. 

Int. 27. Isthis combination shown m an American patent taken 
by Mr. Gray ? | 

Ans. It is (except that the form of the transmitter is different) 
shown in Mr. Gray’s patent for speaking telephone No. 210,776, 
dated December 10, 1878. The diaphragm transmitter shown 
in the drawing of this patent is the kind known as the water trans- 
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mitter. The transmitter which was employed in the combination as 
I saw it was an Edison Carbon Transmitter. 


The Gray patent referred to by the witness is put in evi- 
dence for the defendant, and marked “ Defendant’s Exhibit 
Gray's Revolving Drum Telephone Patent. W. C. W., Exr.” 


Int. 28. Now, as to the paper drum receiver, will you describe it, 
and the manner of its use, in connection with the first single tone 
transmitter in the closed circuit, and produce it, or a representation 
of it, and state when it was first so used to your knowledge, and 
where ? | 

Ans. The paper drum receiver consisted of a short cylinder of 
metal, each end covered with gilt or silver paper, like the heads of a 
drum, the gilt or silver surface of the paper being in contact with 
the metal cylinder, a binding post was screwed to the cylinder in 
contact with it, into which was screwed a metallic handle insulated 
from it, with a binding post upon it. In using it, one wire of the 
line was connected to the binding post, fastened to the cylinder, the 
other wire fastened to the binding post or the handle. Upon hold- 
ing the handle by the hand and placing the paper drum head in 
contact with the ear, the sounds sent from the transmitter could be 
heard. This instrument was first so used in May or June, 1874, at 
the works of the Electric Manufacturing Company in Chicago. I 


produce an instrument representing it. 


The instrument produced by the witness is marked “ De- 
fendant’s Exhibit Paper Drum Receiver. W. C. W., Exr.” 
(See p. 440. ) 


Adjourned to March 22, 1879, at 10.30 A. M. 


New York, March 22, 1879, 

10.30 A.M. § 
Int. 29. Now as to the magnet receiver with a hollow tin box 
placed on or near the poles of the magnet ; will you describe this 
receiver and the manner of its use in connection with the first single 
tone transmitter in the closed circuit, and produce it, or a represen- 
tation of it, and state when it was first so used, to your knowledge, 


and where ? 
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Ans. The receiving instrument consisted of an electro-magnet 
mounted upon a wooden base, upon which were placed two binding 
posts, to which the wires of the coil were connected when placed in 
the line, the line wires were also connected with the binding posts, 
forming a continuous circuit from the battery through the trans- 
mitting magnet and receiving magnet. A hollow tin box, with holes 
in the top, was placed upon or held near to the poles of the magnet, 
when so placed or held, the transmitted tone could be distinctly 
heard, varying in power the nearer the box was to the poles, with- 
out touching them. The first use of it was made in the early part 
of the month of May, or near the middle, 1874, at the works of the 
Western Electric Manufacturing Company, in Chicago. 

Zhat is a representation of the instrument so used and de- 


seribed. 


The witness refers to the model, which is now put in evi- 
dence for defendant, and marked “Gray’s Resonant Box 
Magnet Receiver. W.C. W., Exr.” (See p. 447.) 


Int. 30. What effect was obtained when the box rested upon the 
poles of the magnet as compared with the eftect obtained when the 
box was near to without touching the magnet ? 

Ans. The tone was not as loud or as full as when a little sep- 
arated. 

Int. 31. Please describe the manner in which these tests were 
made, with the box touching the poles, so that we ay judge of the 
value of the practical results obtained ? 

Ans The transmitting instrument would be placed in one room 
and the receiving instrument in another, the rooms being from 
eighty to one hundred feet apart, on the same floor. The sound of 
the transmitting instrument, disconnected from the line, could not 
be heard in the room where the receiving instrument was placed. 
In the room where the receiving instrument was, a great many 
noises and sounds could be heard from the running of machinery, 
said room being a little office partitioned off from a large workshop 
by a low partition, in which perhaps fifty men were employed and 
making a great deal of noise. When the two instruments were con- 
nected in circuit, and the tone being transmitted from the trans- 
mitter, ana the hollow box resting upon the poles of the magnet, 
the tone from the recelver could be distinctly heard above the din 
by a number of persons standing in the room. When the hollow 
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box was separated slightly from the poles, the tone from it could 
be heard outside of the smail room—in the large one. 

Int. 32. Which face of the box was held to or near the magnet 
the plain face or the perforated face ? 


Ans. The plain face. 

Int. 33. When the box was held off from the magnet, how was it 
supported in that position ? 

Ans. Sometimes by holding the box in one hand and the magnet 
in the other, and moving them nearer or farther apart, letting the 
hands rest upon each other to prevent the two from touching; and 
sometimes by placing upon the heads of the magnet a piece of wood 
or rubber or other substance, and resting the box upon that, which 
would keep it separated from the poles the required distance. 

Int. 34. Returning fora moment to the revolving drum receiver 
which you described yesterday, was this ever used by Mr. Gray or 
under his directions, to your knowledge, with an induction coil. If 
so, will you state when first, and where it was, and describe the ar- 
rangement used and the manner of its use ? 

Ans. It was used with an induction coil, the primary wires some- 
times being attached to the line wires—-. ¢., the wires extending 


between the transmitting and receiving stations—and sometimes 
the secondary wires so attached. The revolving drum, when the 
line wires were attached to the primary wires of the coil, would be at- 
tached tothe secondary wires, and when the line wires were attached 
to the secondary wires of the coil, the revolving drum would be at- 
tached to the primary. In this case the current reproducing the 
tone between the plate of the drum and the hand would be an in- 
duced current. The first time I remember of its being so used was 
in the month of March, 1876, in Philadelphia. It may have been 
so used before, but I do not now reeall it. 

Int. 35. Coming now to the fifth form of receiver which you men- 
tioned in your twentieth answer as having been used to receive the 
single tone over the closed eircuit from Gray's TF irst Single Tone 
Transmitter, namely, a concave metallic diaphragm, will you state 
when and where such receiver was first made and used to your 
knowledge, and by whom was it made and by whose directions ? 

Ans. It was made in the month of July, 1874, at the works of the 
Western Electric Manufacturing Company, by a man in their em- 
ploy by the name of Rand, under my direction, in pursuance of in- 
structions from Mr. Gray; and the first time it was used with the 
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single tone transmitter was at the works of the Western Electric 
Manufacturing Company during the same month. 

Int. 36. Will you deseribe the apparatus which you have just 
referred to as the magnet receiver with concave metallic diaphragm, 
and the manner of its use, and produce it or a fuc-simile of it? 

Ans. It consisted of an electro-magnet, mounted upon a stan- 
dard which was fastened to a wooden base in combination with an 
iron pan forming said concave diaphragm, also mounted upon a 
standard fastened to the wooden base spoken of, in such a manner 
that the poles ot the magnet were in the bowl of the pan, and SO 
arranged, that with an adjusting screw the poles of the magnet 
could be placed in contact with the bottom of the pan ordiaphragm, 
or separated from it; an additional brace was attached to the mag- 
net, or standard holding the magnet, for supporting the upper rim 
of the pan, said brace being sometimes used and sometimes removed 
entirely ; the wires from the coil of the magnet were attached to 
binding posts, also fastened to the base. When in use for receiving 
tones, the line wires were connected to the binding post, forming a 
continuous ecireuit through the transmitting and receiving magnets 
and battery. There is here present the. original instrument made 
as I have described, and also a fuc-siinile thereof, which I have 


e 


caused to be made at the request of the counsel for the defendant. 


The fac-simile instrument referred to is putin evidence 
for the defendant, and marked “ Defendant's Exhibit Gray’s 
Concave Metallic Diaphragm Magnet Receiver, W. C. W., 
Ex’r;” the original instrument referred to by the witness 
being subject to inspection and comparison with the fac- 
simile as may be desired by the counsel for complainants at 
any time during the preparation or hearing of the cause. 


(See p. 441.) 


Int. 37. Was the original instrument just above referred to 
taken to Europe by Mr. Gray? if so, when ? 

Ans. It was; in the month of August, 1874. 

Int. 38. I wish now to direct your attention particularly to the 
use by Mr. Gray, or under his direction, prior to his going abroad 
in August, 1874, of the two receiving instruments represented re- 
spectively by “ Gray's Resonant Box Magnet Receiver aud Gray’s 
Coneave Metalle Diaphragm Maenet Receiver.” You have spoken 
of both of these receiving instruments as used prior to August, 
1874, in connection with Gray's first single tone transmitter in a 
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closed circuit. If other transmitting instruments were made and 
used by Mr. Gray, or under his direction, prior to August, 1874, for 
the electrical transmission of musical tones received upon either of 
the receiving instruments mentioned in this question, please de- 
scribe these several transmitting instruments in the order in which 
they were produced and used, and the nature of the eircuit’ which 
was maintained between the transmitter and the receiver ; and pro- 
duce such transmitting instruments, if you can, or true reproduc- 
tions of them. 

Ans. In May, 1874, there was constructed, after a variety of ex- 
periments, a musical instrument for transmitting melodies. It was 
constructed substantially upon the plan of the single tone trans- 
mitter before alluded to. It was a combination of eight single tone 
transmitters in one instrument. ‘The connections differed from the 
single tone transmitter in that when the keys were open or up, the 
line wire and battery wire were both open. There was a key for 
each reed, answering to the key of a cabinet organ. When one key 
was closed, the reed, and magnet connected with it, operated in ex- 
actly the same manner that the single tone transmitter did. 

In the month of July, 1874, another instrument was made, con- 
sisting of two octaves of reeds with semitones. The first instru- 
ment spoken of consisted of eight reeds, representing the diatonic 
scale; the second instrument was like the first, except the addition 
of more reeds and keys. One other difference : instead of using a 
macnet for each reed, in the second instrument two reeds, and in 
one case three reeds, were placed upon the magnets. The connec- 
tions were the same in both imstances. During that same month, 
July, L874, two additional single tone transmitters were made, one 
exactly like the reed and magnet in the first musical transmitter ; 
the other, similar, but with primary and secondary wires wound 
upon the magnet, forming an induction coil. The single tone trans- 
mitters were in closed circuits when used. All the transmitters I 
have deseribed in this answer were used in connection with the two 
receivers mentioned in the question before Mr. Gray went abroad 
in August. Except as I have specified, the single tone transmitters 
were similar in construction to the first single tone transmitter men- 
tioned by me. I have here the two single tone transmitters made 
in July, 1874, if it is desired to examine them. I have also the two 
octave transmitting instrument I have described, The single octave 
transmitting instrument is in Chicago. . 
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The two octave instrument produced by the witness is put 
in evidence for the defendant, and marked ‘‘ Defendant’s Ex- 
hibit Gray’s Two Octave Transmitter, W. C. W., Ex’r.” (See 
p. 4414.) 


| Int. 59. For what purpose were the two multiple transmitters 
‘(the single octave and the double octave) designed and used? And 
‘for what purpose were these single tone transmitters, made in July, 
1874, designed and used ? 

Ans. The two multiple transmitters, single and double octave, 
were made for the transmission of melodies. The two single tone 


. transmitters were made to show how tones could be used for tele- 


: graphic purposes or messages. 


Int. 40. And were the two sorts of instruments used for these 
respective purposes, In connection with the resonant box receiver 
and the concave metallic diaphragm receiver, before Mr. Gray went 
abroad in August, 1874? 

Ans. They were. 

Int. 41. Will you now state on what occasions and to what ex- 
tent and with what results such uses were made by or under the 
direction of Mr. Gray before he went abroad in August ? 

Ans. The first multiple transmitter was not used by me, I be- 
lieve, in connection with either of these receivers, but was sent to 
New York and exhibited there in connection with Gray's resonant 
box magnet receiver, by Mr. Gray, in the month of May or June, or 
both, 1874. The second multiple transmitter (two octaves) was 
tested at the works of the Western Electric Manufacturing Com- 
pany, in connection with both forms of receiver spoken of (the re- 
sonant box and concave diaphragm ),1n the month of July, 1874, and 
exhibited during the same month in Chicago, between the office of 
Gen. Stager, superintendent of the Western Union Telegraph Com- 
pany, Chicago, and the works of the Western Electric Manufactur- 
ing Company, of Chicago. The distance of the two instruments 
apart was about three-quarters of a mile, the receiver being at the 
office of Gen. Stager and the transmitting instrument at the other 
end. The two single tone: transmitters were experimented with in 
eonnection with both forms of receivers atthe works of the Western 
Electric Matiufacturing Company, but not exhibited, to my knowl- 
edge, except.as people came in while being experimented with and 
seeing them. 

Int. 42. Referring particularly to the exhibition of the double 
octave multiple transmitter with the resonant box receiver and con- 
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cave diaphragm receiver in July, 1874, between Gen. Stager’s office 
and the works of the Western Electric Manufacturing Company, 
state, as nearly as may be, how many persons witnessed this exhib- 
ition, naming such of them as you can, first stating whether the 
exhibition was public or private. 

Ans. I do not know whether it was a public or a private exhib- 
ition, nor what persons were present, and I don’t know but I ought 
to add which of the receiving instruments, if either, was used, I 
being at the transmitting end, three-quarters of a mile away. 

Int. 43. As regards the demonstration which took place previ- 
ously, at the works of the Western Electric Manufacturing Com- 
pany, did you assist in that, and if so, at which station ? 

Ans. I did assist in that, principally at the transmitting station, 
occasionally changing to the receiving station. 

Int. 44. Was this demonstration conducted between the same 
two rooms you mentioned before when speaking of the first single 
tone transmitter, or between other points in the shop? 

Ans. In both places,—in the rooms spoken of previously, and in 
the same room, with instruments near together. 

Int. 45. Can you name any persons who witnessed these demon- 
strations at the shop ? 

Ans. I can name persons that I feel very positive were there ; 
Mr. E. M. Barton, secretary of the Western Electric Manufacturing 
Company, Mr. N. G. Kellogg, Charles Lewis, foreman of the shop. 
Those are all the names I would specify, but there were fifty to one 
hundred men employed there who could have seen it, and probably 
many of them did. 

Int. 46. Please state the result of the demonstration had at that 
time with the apparatus you have referred to ? 

Ans. The result was satisfactory ; so much so that the appara- 
tus was shipped to London, England, to exhibit to certain scientific 
men there. 

Int. 47. In this demonstration of the Western Electric Manufac- 
turing Company's shop, in what, if any, different ways were the res- 
onant box and the concave metallic diaphragm used as regards con- 
tact with, or proximity to the magnet; and with what comparative 
result as to the distinctness of hearing or reproduction of the tones, 
whether as regards a comparison of the two forms of receiver with 
one another, or as regards the cumparison of different positions re- 
latively to the magnet to which either was adjusted ? 

Ans. The instruments were used sometimes with the magnet in 
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contact with resonant box and concave diaphragm, and also at vari- 
ous degrees of distance apart. Distinctness of hearing or repro- 
duction of the tones was better when the box and concave diaphragm 
were separated from the magnet. I do not know that we tried to 
determine which form of receiver was the best for reproduction of 
the tone or hearing. The concave diaphragm magnet receiver was 
the most convenient form for using, as it could be adjusted and re- 
main adjusted so that it could be used a second time without having 
to stop to adjust. 

Int. 48. How far from the resonant box or concave diaphragm 
conld you stand and hear distinctly the tone transmitted to it and 
received by it in the demonstration you are describing ? 

Ans. I don’t know how tar we could Lave heard the sounds ; we 
did stand about the receiving instrument perhaps about three to ten 
feet from it and heard it distinctly. 

Int. 49. Was there any difference that you noted or remember 
between the resonant box and the concave diaphragm as to the dis- 
tinctness of hearing under similar relations of the two things to the 
magnet—sunilar proximity ? | 
} Ans. I do not remember now a comparison of the two instru- 
‘ments in that respect. J mean the result of any comparison that 
may have been made, if any was made, which I do not remember. 

Int. 50. You have said that Mr. Gray went abroad in August, 
1874. Did you go with him ? 

Ans. | did. 

Int. 51. What instruments did you and he take with you? 

Ans, The two-octave multiple transmitter, the two single tone 
transmitters made in July, the violin animal tissue receiver, the con- 
eave diaphragm magnet receiver. These, I think, were all the in- 
struments that we took. 

Int. 52. State what, if any, exhibitions of these instruments and 
their operation in circuit for receiving and transmitting musical 
tones, were made by you and Mr. Gray, or by him in your presence, 
while you and he were in Europe ? 

A. The instruments were unpacked in the office of Warden, 
Muirhead «& Clark, Regent street, London, in September, is74. The 
multiple transmitter, with one or more receivers, was connected in 
eircult and exhibited to me mnbers of the firm, melodies being trans- 
mitted from one room and received in another. Afterwards, during 
the Same month, the apparatus Was removed to the office ot Latimer 
Clark, No. 6 Victoria Chambers, London, and exhibited there to 
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\ him. Afterwards parts of it were taken to the laboratary of Prof. 
Tyndall, at the Royal Institution, London, and exhibited to him 
about the Ist of October, 1874. It was afterwards taken back to 
the office of Latimer Clark, and exhibited to such of his friends as 


he invited in. 


Adjourned to March 24, 1879, at 10.30 A. M. 


New York, March 24, 1879, 10.30 A. M. 


Int. 53. What was the business of Warden, Muirhead & Clark, 
and what was their standing in that business in 1874 in England ? 

Ans. ‘They were manufacturers and dealers of nearly all forms of 
telegraphic supplies, and IL beleve one of the largest firms in the 
business. 

Int. 54. State as nearly as may be how frequently and with what 
degree ot publicity the exhibitions ot those instruments were made 
at the office of W arden, Muirhead & Clark, at Regent street, and at 
the office of Mr. Clark, in Victoria Chambers ? 

Ans. At the office of Warden, Muirhead & Clark, L think the ex- 
hibition Was only witnessed Dy members ot the him and perhaps 
one or two persons in their employ. Ido not remember how many 
tines, but the apparatus Was 1 condition tor exhibition several 
days. At the office of Mr. Clark, in Victoria Chambers, the appara- 
tus remained in working order two or three weeks—perhaps more. 
[ don't remember exactly, and was exhibited to as many of his 


friends anc as often is he desired. 


Int. 55. In your last answer you used the expressions ‘in con- 
dition for exhibition ~ and in “w orking order.” What doy OU mean 
Db) the Sse expr SSIODS f 

Ans. The instruments were connected with battery and with line 
ra 1d with each other, and could be used at a moments notice. 

Int. 56. You say, “The multiple transmitter, with one or more 
rece ivers, Was connected 1D circuit,” WC. What recelvers do you 
there refer to ? 

Ans. I do not mean by that that there were two receivers in the 
line at once. I should have said, perhaps Ole Or other ot the re- 


CelLyYers Was SO connected. 


Lut. 57. Were all the recelvers which You took out with You 
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exhibited at one time or other in circuit with the multiple trans- 
mitter ? 

Ans. I cannot swear that they were, as I was at the transmitting 
end of the line, and could not tell positively which receiver was be- 
ing used. 

Int. 58. You say that parts of the apparat»s were taken to the 
laboratory of Prof. Tyndall and exhibited to him. What parts were 
these ? 

Ans. The multiple transmitter, the violin animal tissue receiver, 
and, I think, the concave diaphragm magnet receiver and the paper 
drum receiver which we had made in England. 

Int. 59. When did you and Mr. Gray return to this country, and 
what did you do with the apparatus before leaving England ? 

Ans. We left England tor home the 8th of October, I believe, 
1874. Before leaving the apparatus was taken to the office of War- 
den, Muirhead & Clark, and arrangements made with them for ship- 
ping it to this country. 

Int. 60. State, if you know, when the apparatus next came into 
the possession of Mr. Gray, and state all you know of your own 
knowledge in regard to its detention from his possession in the 
meantime. 

Ans. I did not see the apparatus after leaving England until 
some time in the fall of 1875. [ know very little of the causes of 
detention. I understood it was through some informality with re- 
gard to the custom house. 

Int. 61. Did you finally receive them in the fall of 1875 at 
Chicago ? 

Ans. I did. 

Int. 62. All which were sent out to England ? 

Ans. Yes, sir. 

Int. 63. After the multiple transmitter and concave diaphragm 


their history with reference to the place where and manner in which 
they were preserved, and with reference to any use made of them at 
Chicago or elsewhere for any purpose ? 

Ans. They were kept at the works of the Western Electric 
Manufacturing Company with other apparatus which we have stored 
there. The multiple transmitter was used as an exhibit in a suit 
of interference between Mr. Gray and Edison, and sent to Washing- 
ton as such exhibit, in May or June, 1877. The concave diaphragm 
receiver remained in the store-room in Chicago. until sent to New 
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York for uses in this case. The multiple transmitter was finally 
returned to Chicago from Washington, and also brought to New 
York for uses in this ease. 

Int. 64. Was there more than one resonant box magnet receiver 
like the exhibit of that name made in Chicago for Mr. Gray, and 
before he went abroad in 1874? 

Ans. There were two of them mace. 

Int. 65. State what was the history of each ? 

Ans. One was sent to New York and exhibited there in connec- 
tion with the first eight-tone transmitter, in May or June, 1874, and 
left there, I believe. The other was sent to Washington as a model 
in a patent case. 

Int. 66. Do you mean as a model accompanying an application 
for a patent ? 

Ans. I do. 

Int. 67. What patent ? 

Ans. The magnet receiver patent, [ believe it is called No. 
166,095, July 27th, 1875. 

Int. 68. You described, last Saturday, certain tests which were 
made of the resonant box receiver with the first single tone trans- 
mitter in closed circuit, the operations being performed on premises 
of the Western Electric Manufacturing Company, the transmitting 
instrument and the receiving instrument being in separate rooms 
from eighty to one hundred feet apart. [ beheve you have not said, 
and [ will ask you now to say, whom, if any one you can name, be- 
sides Mr. Gray and vourself, who witnessed this exhibition ? 

Ans. I cannot definitely state who did witness it, but think E,. 
M. Barton and Mr. M. G. Kellog were present, and probably 
others. 

Int. 69. Was the exhibition conducted openly for the observa- 
tion of any who desired to see it, or was it privately ? 

Ans. It was not private in any sense. 

Int. 70. In speaking of this same exhibition or demonstration, 
you describe the manner in which the resonant box was supported 
when if was held near to, but not touching the magnet poles, and 
this you said was “sometimes by placing upon the heads of the 
magnet a plece of wood or rubber, or other substance, and resting 
the box upon that.” This description is, perhaps, not entirely clear. 
Will you state what you mean by the heads of the magnet and how 
the pieces of wood, &c., were made to properly support the box ? 

Ans. By heads of the magnet, I mean the hard rubber disks that 
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form the end of the spool through which the magnet poles project. 
When the resonant box was supported by pieces of wood or other 
substances, they were placed upon the rubber end of the spool 
néar the outer edge and on opposite sides, the box resting upon 
them. 

Int. 71. Have you here, and will you produce a diagram model, 
representing Gray’s first single tone transmitter, and its battery con- 
nections, and the magnet receiver,and explain its operation of trans- 
mitting the tone through a closed cireuit ? 

Ans. Yes; Lhave. (The diagram model produced is put in evi- 
dence for the defendant, and marked ‘“ Gray’s Closed Cireuit Single 
Tone Transmission Apparatus, W. C. W., Examiner.”) The single 
tone transmitter is represented and marke: with letter A, the magnet 
receiver with the letter Bb, the battery by C, a key in short cireuit 
by D, and in this model, instead of two wires representing line and 
return, the return is represented by ground connections marked E 
and 1, and the line by F!. When the key D is opened, the battery 
current is through transmitting magnet A and line F, and receiving 
magnet B to the ground plates back to battery. When the key Dis 
closed the current passes through the transmitting magnet A to a 
point represented by G, where it divides, a portion going over the 
line F and receiving magnet B and ground plates back to battery, 
the rest passing through the core of the transmitting magnet A to 
the spring or reed, and when in contact with the screw (shown in 
the model in contact with it), through it to the key back to 
battery. When the spring spoken of is in contact with the screw, 
most of the battery current is through the short cireuit, making the 
transmitting magnet very strong, thereby attracting the spring to- 
ward the magnet and away from the screw, which sends all of the 
current over the line, which has the ettect of weakening the power 
of the transmitting magnet, and allowing the spring or reed to fall 
back against the screw, which operation alternates or changes the 
power of the current upon the line. 

Int. 72. Did you after your return from Europe, make an ap- 
paratus, and for what purpose, such as is shown in Gray’s Tuned 
Bar Receiver Patent No. 166,094, and if so, how soon after your 
return ? : 

Ans. I made or had made such an instrument as is described in 
Gray's Tuned Bar Receiver Patent, in the months of November or 
December, 1874. tor the purpose of analyzing or responding to a 
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particular tone or vibration sent from the transmitting station either 
alone or with others. 

Int. 73. At this time did you have such an instrument at both 
the receiving and transmitting stations of the line ? 

Ans. The instruments were alike in form at the two ends, but 
cifterently connected. and were not interchangeable. 

Int. 74. During this winter of 1874 and 1875, did you have ocea- 
sion for a multiple transmitter similar to that heretofore mentioned, 


A 


if so, what did vou do, the multiple transmitter sent from England 


being at that time detained in the Custom House as you have 


sald ? 

\ns. L had another one constructed with the same number of 
bones (two octaves with semi-tones). 

Int. 75. When was this done? And if an apparatus was at the 
time constructed which this multiple transmitter worked in con- 
nection with, will you explain the whole apparatus and its arrange- 
ments and purpose and operation, producing such representations 
ot it as will be convent nt for the purpose ot explanation ? 

Ans. This multiple transmitting instrument was made or com- 
pleted in December, 1874, and about the same time, during the 
same month, a new torm.ot magnet receiver was made, which had, 
in the place of the spring or reed, a plate of iron about three inches 
in diameter, octagon in shape; said magnet and plate combined 


mounted upon a hollow wooden box for resonanee. ‘This (produc- 


Ing an instrument) is the identical box and macnet spoken of: the 


thin octagonal plate of iron not now being mounted with it, but 
replaced by a different piece of iron, oblong in shape. The original 
octagonal plate l also have, and produce it. There were five ot 
such plates and magnet receivers made at the same time, four of 
which magnets and plates were mounted upon resonant boxes, the 


other mounted upon three legs and used in different ways. 


The instrument produced by the witness is put in evidence 
for the detendant. and marked “Grays W ooden Sounding 
box Magnet Receiver, W. Co. W. Kxr. and the octagonal 
plate produced by the witness 1s put in evidence for the de- 
fendant and marked “Grays Octagonal Plate, W. C. W. 
Ex’r.” (See p. 443.) 


ln regard to this combination of magnet and octagonal iron 


plate, 1 would add that when a strong battery current was used, the 


DEPOSITION OF WM. M. GOODRIDGE. 263 


iron plate would sometimes be attracted and held firmly to the 
magnet. To prevent it we sometimes used a little brace of wood 
placed between the two coils of the magnet, one end touching the 
octagonal plate; the other touching the cross bar or heel iron of 
the magnet, and sometimes a piece of rubber or other substance 
would be placed between the plate and rubber head of the magnet 
atithat side of the plate which was free from the magnet. 

Int. 76. What was the object of providing the means of greater 
resonance which you have described as appertaining to this anpar- 
atus, and what use was made of the apparatus organized as you 
have described ? 

Ans. The object was to have the tone or tones reproduced loud 
enough to be heard in a large hall; and the use made of it at that 
time was an exhibition to the public in a church in Highland Park, 
Illinois, during the last week of December, 1874. 

| Int. 77. Did you afterwards make or assist in making for Mr. 
Gray a modification of one of the magnet receivers you have de- 
scribed, with a view to the telegraphic transmission of messages 
over long lines? If so, please say when it was, and describe it, and 
produce it, or a representation of it ? | 

Ans. I made or had made, such modification as spoken of in the 
question for the purpose of a long line test, and have part of the 
original instrument here, which consists of a tin cup or dipper with 
a cover of wood upon which is mounted an electro-magnet in such 
a manner that when the cover is in place upon the dipper or box, 
the magnets are inclosed in the box, the poles of which magnet are 
nearly touching the bottom of the box. Upon the wooden cover of 
the box are mounted two binding posts, with which the wires from 
the magnet coil are connected. In the bottom of the box some 
holes are drilled for the purpose of letting out the sound. The 
binding post upon the side of the dipper or box was put on for a 
handle, into which sometimes was screwed a wooden handle. 

Int. 78. Will you produce the instrument which you described 
in your last answer as illustrating the apparatus inquired about, 
state what parts of it are the original parts, and what parts are a 
-reproduction of the original parts ? 

Ans. I do produce it. (The instrument produced is put in evi- 
‘dence for the defendant, and marked ‘“ Diaphragm Box Magnet Re- 
‘ceiver, W. C. W., Ex’r.”) The tin box or dipper, as it stands, is the 
‘original part. The cover, magnet and binding posts are reproduc- 
tions of the original. 
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Int. 79. Explain how you used this instrument ? 

Ans. ‘This instrument was used in connection with a transmitting 
instrument upon a telegraph line between Chicago and Milwaukee, 
near the middle of February, 1875; and the manner of its use is 
represented by the diagram model marked * Grays’ Closed Circuit 
Single Tone ‘Transmission Apparatus. ” | 

Int. 80. When the apparatus was in operation, how was the 
receiver held for the purpose of receiving the transmitted tone ? 

Ans. I was not at the receiving end and did not see it used. It 
could have been held in the hand and applied to the ear, or it could 
have rested upon a table. 

Int. Sl. In the latter case, which side should be uppermost, and 
in the former Case, which sicle should be applied tO the ear ? 

Ans. When resting upon a table, it could be placed upon its 
side or rested upon the cover and binding posts, the perforated tin 
diaphragm being outermost. When applied to the ear, the perfor- 
ated tin diaphragm was towards the ear. 

Int. 82. Have you since that time used it yourself in either, and 
which of the two ways you have mentioned ? 

Ans. I have in both ways. 

Int. 83. You have said that this instrument was used in con- 
nection with a transmitting instrument upon a telegraph line be- 
tween Chicago and Milwaukee, near the middle of February, 1875, 
under such arrangement as L understand you, for transmitting and 
receiving as shown in the diagram model marked ‘* Closed Circuit 
Single Tone Transmission Apparatus.” At which station were you, 
and who was at the other station ? 

Ans. Il was at the Chicago end of the lne with the transmitting 
iustrument, and Mr. Gray was in Milwaukee with the receiving ap- 
paratus. 

Int. 84. To what extent was this telegraphing operation with 
this apparatus carried on; and whether publicly or privately, and 
with what result ? 

ADs. lt Was used the vreater part ot One afternoon: Say from 
three o clock, or half-past two to six o clock. It was nota private 
exhibition, as the transmitting instrument was in a room occupied 
by tifty or more telegraph operators, all of them probably having a 
koatait. IL cant answer as to the other end, but think it was as_ 


uublic as the transmitting end. Phe results, J think, were satis- 


Int. 80. When you were describing Gray’s Wooden Sounding 
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Box Magnet Receiver, you said that it was provided with an octagon 
shaped plate under the magnet poles, in place of the oblong metal 
bar which is now in the exhibit. When was an instrument first 
used by Mr. Gray with the oblong bar as now appears in the 
exhibit ? 

Ans. I do not remember the date of its first use; it was in the 
spring or summer of 1875. 

Int. 86. In the case of the multiple transmitters which were made 
before you went abroad and directly after your return, how was the 
intensity of volume of the tones received affected by sounding two 
or more tones simultaneously upon the transmitter, after the manner 
of the musical chord, as compared with sounding one tone by 
itself ? 

, Ans. The volume of the tone or tones was very much less when 
two tones were being transmitted than when only one was sent. 

Int. 87. To what was this difference due, and what change, if 
any, was afterwards made in the transmitting apparatus or its con- 
nections in order that eich tone of a chord should have a volume 
equal to that of one tone sounded separately ? 

Ans. It was due to the fact that when two tones were being 
transmitted, the battery current was divided, part being vibrated by 
one reed, the rest by the other. When one tone alone was being 
sent, it vibrated the entire battery current. The change made to 
vet the same volume for each tone was a change in the manner of 
connecting the battery so as to give to each vibrating reed a proper 
proportion of the battery. In this method of connecting up, no one 
reed can vibrate the whole battery current. 

Int. 88. Is the arrangement of the battery you have referred to, 

for the purpose of producing a number of tones simultaneously, 
shown in any of Mr. Gray’s patents, if so, which ? 
' Ans. It is shown in two of them. In the patent, No. 175,971, 
“Sounding Box Receiver Patent,” it is shown for transmitting and 
‘receiving two tones; and in the patent No. 186,340, “ Closed Cireuit 
Patent,” it is shown for transmitting and receiving six tones. 
7 Int. 89. When first did Mr. Gray have and use an apparatus in 
which a multiple transmitter capable of sending a number of tones 
simultaneously, each of the volume of one tone sounded separately, 
‘and with such multiple transmitter, a bar of metal opposite the 
poles of the magnets, as shown in the Sounding Box Exhibit, 
and with the circuit constantly closed and the magnet constantly 
charged ? 
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Ans. The first I remember of such use was in September, 1875. 
He had the apparatus and could have used it then, and perhaps did, 
a month or more earlier. 

Int. 90. What, if anything, did you have to do with the making 
of this apparatus embodying the combination you have described ? 

Ans. I superintended the construction of it. It was made at 
the works of the Western Electric Manufacturing Company, in 
Chicago. 

Int. 91. In which one, if either, of Mr. Gray’s patents is the ap- 
paratus you have mentioned represented ? 

Ans. In Mr. Gray’s patent No. 205,378, marked ‘‘ Gray’s Com- 
mon Receiver Patent.” 

Int. 92. In this apparatus, was the composite tone which was 
transmitted by sounding a chord, for instance upon the transmitter, 
delivered to the ear at the receiving end in corresponding compo- 
site form? 

Ans. It was. 

Int. 93. Why was not this result hindered by the sound of the 
fundamental tone of the oblong bar in the receiver ? 

Ans. Because of the fundamental tone of the receiver was prob- 
ably very much lower in pitch, or slower in rate of vibration, than 
the tones transmitted, for one thing, and not being one of the tones 
transmitted. 

Int. 94. Was an experimental use made of this apparatus at or 
about the time of its completion, and where, and to what extent, and 
with what results ? 

Ans. In my answer to the eighty-ninth question I speak of the 
first use I remembered of this combination. In September, 1875, 
in New York, in the Western Union building, the apparatus was set 
up and connected in the manner spoken of, and exhibited to a num- 
ber of people. 

Int. 95. On this occasion, were a number of telegraphic messages 
sent simultaneously through the medium of simultaneous musical 
tones; and if so, how many, and how distinguished or resolved at 
the receiving end ? 

Ans. There were four messages transmitted simultaneously, and 
received by four persons, who wrote them down as they received 
them, each person selecting a tone and copying the message sent 
by use of that particular tone. 

Int. 96. When and where did you first see such an instrument 
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as is now commonlly called the Lover’s Telegraph, and will you 
describe it ? 

Ans. I first saw this instrument in December, 1875, in Milwaukee, 
Wisconsin ; it consisted of a short tube, or rather two short tubes, 
with a diaphragm stretched across one end of each, the diaphragm 
being a thin piece of skin or parchment, and having a strong thread 
fastened to the centre of each diaphragm, the thread being about 
twenty or thirty feet long. When used, the thread between the two 
diaphragms was stretched tightly, and upon a person speaking into 
one tube, the person holding the other by listening at the tube 
could hear and understand the spoken words, even if spoken in a 
whisper. 

Int. 97. State, if you know, when the Patent Office model of 
the apparatus shown in Mr. Gray’s “ Printer Patent,” No. 179,549, 
was made. 

Ans. In the spring or summer of 1875. 

Int. 98. State, if you know, when the Patent Office model of the 
apparatus shown in Mr. Gray’s “ Double-bar Magnet Patent” No. 
198,379, was made ? 

Ans. It was made in March, 1876. 


Adjourned to March 25th, 1879, 10.50 A. M. 


New York, March 25, 1879, 10.30 A. M. 


Int. 99. Have you at any time, in Chicago, undertaken to use 
éxperimentally any of the receiving instruments mentione|! in this 
deposition for the purpose of transmitting or receiving, or both 
transmitting and receiving articulate speech ; if so, please state the 
time when it was done, the instruments which were used, the con- 
ditions as to distance, ete., under which they were used, and the 
results obtained ? 

Ans. In October or November, 1878, in Chicago, at the works of 
the Western Electric Manufacturing Company, I connected up 
several of the receivers mentioned ; namely, the resonant box mag- 
net receiver represented by Exhibit marked “Gray's Resonant Box 
Magnet Receiver;” the concave metallic diaphragm magnet re- 
ceiver, represented by Exhibit marked “Gray's Concave Metallic 
‘Diaphragm Magnet Receiver,” and the diaphragm box magnet re- 
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ceiver, marked “ Exhibit Diaphragm Box Magnet Receiver,” in 
combination with an Edison Transmitter ; there was but one of the 
receivers in use at the same time. Upon speaking to the Edison 
transmitter the sound of the voice, or the spoken words was repro- 
duced upon either of the above mentioned receivers. Substituting 
the diaphragm box magnet receiver for the Edison transmitter, and 
having the concave metallic diaphragm magnet receiver connected at 
the other end of the line, upon speaking to the diaphragm of either 
one, words were heard by listening at the diaphragm of the other 
distinctly. The resonant box magnet receiver was also used as 
transmitter or receiver in connection with the other forms of re- 
ceivers spoken of, and words spoken to it, or the diaphragm of it, 
were heard from the diaphragm of the concave metallic diaphragm 
receiver or the diaphragm box magnet receiver. The distance 
between transmitting and receiving instruments was from fifty 
to one hundred feet, on different floors, there being no possi- 
bility of hearing what was said in one through the air in the other. 

Int. 100. Who talked when you listened through these instru- 
ments and vice versa ? 

Ans. Mr. N. G. Kellogg and Mr. E. M. Barton. 

Int. 101. Have you since the beginning of the present year as- 
sisted in certain experiments, conducted under the direction of Mr. 
Edward KE. Renwick, relating to the telephonic transmission of ar- 
ticulate speech by means of the receiving apparatus mentioned in 
your deposition ; if so, when and where were these experiments 
conducted ? 

Ans. I assisted Mr. Renwick in some experiments during the 
month of February, 1879, in New York City, at the shop of the 
Western Union Telegraph Company, superintended by Mr. G. M. 
Phelps. 

Int. 102. In the course of these experiments did you use a re- 
ceiver such as Exhibit Diaphragm Box Magnet Receiver ; if so, 
state with what transmitter, with what battery power, and with 
what result ? 

Ans. Yes; the transmitter was an Edison Carbon Transmitter, 
the battery power sometimes being one cell (Callaud) and sometimes 
three and sometimes six. Words spoken to the carbon transmitter 
were heard and understood by the person listening at the receiver. 

Int. 103. Who was at the transmitting end ? 


Ans, I was for one, Mr. Glass, foreman of the shop, and Mr. 
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Renwick, also. I was sometimes at the transmitting end and some- 
times at the receiving end. 

Int. 104. In the course of the same experiments did you try with 
an Edison Transmitter a resonant box, square instead of round in 
form, but otherwise like that attached to the Exhibit Gray’s Reson- 
ant Box Magnet Receiver, and, if so, with what results, stating also 
whether the same persons were at the transmitting and at the re- 
celving end, as in the case mentioned in your last answer ? 

Ans. Yes. A square tin box was sometimes used on the magnet 
in ‘place of tlfe round one, with equally good results, and, I think, 
used by the same parties. 

‘ Int. 105. In each case, as I understand you, whether with the 
square box or with the round box, the box resting on the poles of 
the receiving magnet ? 

Ans. They did, while I was listening. 

Int. 106. I understand you to say that, as between the square 
box and the round box, both used as just described, there was no 
difference either in the distinctness or in the loudness of the articu- 
late sound proceeding from the receiving end, as regards what you 
yourself listened to; am I right ? 

Ans. You are. 

Int. 107. Comparing these two forms of resonant box receiver 
with the diaphragm box magnet receiver, which gave a better result, 
if either, and in what degree and in what respect better ? 

Ans. The diaphragm box magnet receiver gave the best results, 
being louder. 

Int. 108. In the course of the same experiments, and with the 
same persons at the receiving and transmitting end, respectively, as 
before, and with an Edison transmitter, did you try Grays concave 
metallic diaphragm magnet receiver, and with what results ? 

Ans. We did, with results, as near as I can remember, the same 
as with the diaphragm box magnet receiver. In my listening I was 
not endeavoring to compare the instruments but to ascertain if I 
could understand spoken words. 


CROSS-EXAMINATION BY CHAUNCEY SMITH, Esq., of counsel] for com- 
plainant : 
Cross-Int. 109. You have spoken of various trials which you 


made with certain instruments which have been referred to as ex- 
hibits in the case or with the originals, which the exhibits are de- 
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signed to represent. Have you given a full account of all the trials 
which you witnessed of the original instruments or of the instru- 
ments representing the originals which have been produced in evi- 
dence ? 

Ans. No, sir. 

Cross-Int. 110. Will you state what trials you witnessed of the 
various original instruments beyond those which you testified to in 
your direct examination, taking them in the order in which the ex- 
hibits were introduced in evidence ? 

Ans. Of the first two tone transmitting instrument, marked 
‘“ Gray’s Two-Tone Transmitter,” referred to in my eighth answer, I 
witnessed no use of it other than that mentioned in the tenth an- 
swer. The next instrument referred to was a thin plate of metal 
mentioned in the eleventh answer. I do not know that the original 
plate has been used since the time mentioned in the eleventh an- 
swer. We had about the premises plates of various kinds of metal, 
and we used what happened to be convenient for the purpose ; there 
were several oyster cans lying about, and my impression is that one 
was also used. 

The next instrument in order is mentioned in the fifteenth ques- 
tion. I believe I have not spoken of any particular trial made with 
this instrument, but stated that IT had used it with all the various 
forms of receiver. 

Next, the improved form of animal tissue violin receiver, de- 
scribed in the twenty-first answer. This instrument has been used 
in a great variety of experiments. The original was sent to New 
York in May, 1874, and remained there, I think, about two years. 
While it was away others were made like it and used in place of it, 
and when it came back I could not tell which was the original. 

The next instrument put in evidence is mentioned in the twenty- 
third answer and marked “ Gray’s Animal Tissue Revolving Plate 
Receiver.” The original instrument has been used a great many 
times in experiment at the works of the Western Electric Manufac- 
turing Company, and exhibited publicly. I cannot name all the 
trials I witnessed. 

The next instrument is described in the answer to the twenty- 
eighth question, and is marked “ Paper Drum Receiver.” The 
original was used but a short time, and was soon destroyed. 

The next instrument is described in the answer to the twenty- 
ninth question, and is marked ‘ Resonant Box Magnet Receiver,” 
the original; there were two originals, one of which I had never 
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seen used, aside from the use spoken of in this twenty-ninth an- 
swer; the other was sent to New York in May, 1874, and I am not 
sure that I have ever seen it since. 

The next instrument is described in the thirty-sixth answer, and 
marked “ Concave Metallic Disphragm Magnet Receiver.” I think 
IT have mentioned all of the trials I have witnes-ed with this instru- 
ment. If there are others, they do not now occur to me. 

The next instrument put in evidence is referred to in the thirty- 
eighth answer, and is marked “ Two Octave Transmitter.” 1 think 
I have referred in my evidence to all thetrials witnessed by me with 
the original instrument. 

‘The next instrument put in evidence is referred to in the seven- 
ty-fifth answer and is marked “ Wooden Sounding Box Magnet 
teceiver.” I do not recall any trial I witnessed of the original in- 
strument other than I have mentioned in my evidence, unless it may 
have been some tests when it was first completed. 

The next instrument put in evidence is referred to in the seven- 
ty-eighth answer and marked “ Diaphragm Box Magnet Receiver.” 
I do not recall any trial with the original instrument other than I 
have mentioned. 

Cross-Int. 111. In your answer to the eighth interrogatory, in 
reference to Gray’s original two-tone transmitter, a duplicate of 
which you have produced in evidence, you say. “ I made an instru- 
ment for the purpose of transmitting two tones simultaneously or 
singly over a telegraphic cirewit, which circuit was closed.” Do you 
mean to be understood by this that that part of the transmitting in- 
strument which produced the tones to be transmitted was included 
in a circuit which was constantly closed ? 

Ans. I do not. 

Cross-Int. 112. Was there between that portion of the trans- 
mitting instrument to which I’ last referred and the receiving in- 
strument an electric circuit connecting them, which was constantly 
closed ? 

Ans. There was not. 

Cross-Int. 113. What, then, did you refer to in the answer, 
which I have quoted, as a telegraphic circuit, which circuit was 
closed ? 

Ans. To the secondary wires of the said transmitting instrument 
in connection with the line and receiving instrument. 

Cross-Int. 114. Was there a constant current flowing in this 


closed circuit ? 
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Ans. There was not. 

Cross-Int. 115. How did the breaks in the current in this circuit 
correspond with the breaks in the current of the circuit connected 
with that portion of the transmitting instrument which produced 
the sound caused by the breaking of that circuit ? 

Ans. The impulses upon the secondary circuit were of the same 
rate, exactly as those produced in the primary circuits 

Cross-Int. 116. Was this instrument, which you have produced 
in evidence as a duplicate of the original referred to in your eighth 
answer, made by yourself or under your direction ? 

Ans. Under my direction. 

Cross-Int. 117. When was it made and for what purpose ? 

Ans. It was made in October or November, 1878, possibly a 
little earlier for use in this case. 

Cross-Int. 118. How many instruments like this, or like the 
original have been made in all, to your knowledge ? 

Ans. Three, including the original. 

Cross-Int. 119. You speak of this as a duplicate of the original. 
Is it a duplicate in all respects of the original, including the dimen- 
sions of the cores of the magnets, the size and length of the wire, 
and the manner in which they are wound? 

Ans. Probably the separate parts of this instrument are not ex- 
actly duplicates of corresponding parts of the original in point of 
dimension. The wire with which it is wound may not be exactly of 
the same length as the wires of the original. It was made from a 
Patent Office drawing of the original, and intended to be as near 
like the original as it could be made without having possession of 
the original, the original being in the Patent Office. 

Cross-Int. 120. Can you give the particulars mentioned in the 
last question as to the original instrument ? 

Ans. I cannot give you the dimensions nor the length of the 
wires ; the primary wire was wound first upon the coil, and the sec- 
ondary wire upon that. 

Cross-Int. 121. Can you give the same particulars in respect to 
the instrument which has been put in evidence ? 

Ans. Just the same. 

Cross-Int. 122. State whether or not, in the induction coilin the 
instrument produced in evidence, the wires of the two circuits are 
of the same size, and what their lengths are relatively to each 
other ? 

Ans. I cannot state positively whether there is a difference in size 
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of the two wires, as I did not see the wire wound upon it, and the 
size cannot be ascertained from the outside ; I suppose the primary 
wire to be larger than the secondary, as that is the customary way 
of winding induction coils ; in regard to the length of the wire, we 
pay no attention to the length, instead of which we speak of it as 
of being certain resistance ; in this case there is, probably, one or 
two ohms of resistance in the primary wire, and perhaps fifty ohms 
in the secondary ; I do not remember the exact proportions. 

Cross-Int. 128. You spoke of the original instrument being used 
in connection with the plate on which the tones of the transmitting 
instrument was reproduced ; was the reproduction of these tones 
the ultimate object of the use of the apparatus, or was there some 
other and further useful results to be obtained by it, as you under- 
stood it ? 

Ans. I did not know whether there was any other object in view 
or not. 

Cross-Int. 124. Did you ever see it used for transmitting words 
or messages from a person at the transmitting instrument to a per- 
son at the receiving instrument ? 

Ans. I did not. 

Cross-Int. 125. You have produced an exhibit marked “ Defend- 
ant’s Exhibit Gray’s Resonant Box Magnet Receiver,” as represent- 
ing an original instrument, if I understand you, made in 1874; will 
you state whether or not the magnets and box are identically like 
the original instrument in respect to the dimensions of the parts, 
including the size and length of the wires ? 

Ans. I presume they are not identically lke the original, as I 
understand the word. 

Cross-Int. 126. Do you remember what the dimensions of the 
original were ? 

Ans. Not exactly. | 

Cross-Int. 127. Will you state as near as you can what the di- 
mensions were, including the size and resistance of the wire ? 

Ans I think the iron cores were a little less than half an inch 
in diameter, and about three inches long ; the wire upon them meas- 
ured about forty ohms in resistance. 

Cross-Int. 128. Do you remember whether that original electro- 
magnet was constructed especially for use and connection with the 
single tone transmitter with which it was used, or was ore manu- 
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factured by the company for sale or for use for other purposes? 
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\ 4 A. We found a magnet such as was used by the company for in- 
, struments of their construction, and adapted it to this purpose. 

Cross-Int. 129. What adaptation did it require ? 

A. Mounting it upon a wooden base with binding posts, as rep- 
resented by the exhibit. 

Cross-Int. 130. Do you remember also whether you found the 
box which was used in connection with it, or made one especially 
tor it ? | 

Ans. I had two boxes made especially for the purpose. 

Cross-Int. 131. And were these boxes of the same dimensions as 
that which you have produced as a part of the exhibit ? 

Ans. They were not, exactly. 

Cross-Lut. 152. In speaking of the use of the original instrument 
in connection with the single tone transmitter, 1 understand you to 
say that you reproduced the tones of the transmitting instrument ; 
did you understand that a reproduction of such tones was the ulti- 
mat obj ct of the apparatus, or that 1t was designed to be used tor 
attaining some other and further object ? 

Ans. lL was not aware ot any other object at that time. 

Cross-Int. 153. Was that true also of the use of the instrument 
in connection with the original concave metallic diaphragm receiver 
which you have produced ? 

Ans. At the time it was produced it was. 
Cross-Int. 154. When did you first become aware, if ever, of any 
further use which was to be made of these instruments ? 


~ 


875, in experiments with similar 


2 


Ans. In the winter of 1874 and 1 
ustruments, we were led to believe that they could be used as re- 
eivers for the human voice. 
Cross-Int. 155. By the use of the single tone transmitter in con- 
tion with which they were used ? 
Ans. NO, sir. 
Cross-Int. 156. Was any ¢ ttort made to use them as receivers for 
Humad voice r 
Cross-Int. 137. Did you know of Mr. Gray’s contemplating the 
use of these receivers in connection with the single tone transmitter 
u have ceseribed, or in connection with an instrument like 
the Exhibit Grays Two Tone Transmitter, for transmitting mes- 
es or intelligence from a person at the transmitting instrument 


to a person at the receiving instrument ? 


bo 
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Ans. I understood that that was the object of the invention—to 
transmit messages from one person to another. 

Cross-Int. 138. In what way ? 

Ans. By the use of the tone or tones transmitted and received 
telegraphically, by breaking the tone or tones into short’ and long 
sounds, corresponding to the dot and dash of the Morse alphabet. 

Cross-Int. 139. Did you ever, in the use of the single tone trans- 
mitter in connection with the electro-magnet, of which a represent- 
ation 1s given in Exhibit Gray’s Resonant Box Magnet Receiver, use 
the electro-magnet alone for reproducing tones ? 

Ans. I did. 

Cross-Int. 140. And with what result ? 

Ans. I heard the tone plainly. 

Cross-Int. 141. Did you not know before you went to England 
that Mr. Gray contemplated the use of transmitters like Exhibit 
Gray’s Two-Tone Transmitter, in connection with an electro-magnet 
alone, for transmitting two telegraph messages simultaneously ? 

Ans. No, sir. 

Cross-Int. 142. When, if ever, did you first learn that he con- 
templated the use of the apparatus mentioned in that way ? 

Ans. I don’t know that I ever learned it. 

Cross-Int. 145. Did you ever know of his contemplating the 
transmission of two messages simultaneously by any means—and if 
so, by what means? 

Ans. I did, by the means of an electric current thrown into vi- 
bration by reeds differing in pitch, and receiving the results of such 
vibrations of currents upon instruments capable of responding to 
such vibration, receiving the two or more tones upon a single re- 
celving instrument or upon separate instruments designed for re- 
sponding each to a particular tone. 

Cross-Int. 144. When did you first know that ? 

Ans. I first knew of his contemplating accomplishing this re- 
sult in April or May, 1874. 

Cross-Int. 145. What instruments did you first know of by which 
this result was to be obtained, or sought to be obtained ? 

Ans. The two-tone transmitter, represented by Exhibit so 
marked, and the resonant box magnet receiver, represented by ex- 
hibit so marked. 


Adjourned to March 26, 1879, at 10.30. 
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New York, March 26, 1879, 10.30 A. M. 


Cross-Int. 146. What batteries did you use in the various trials 
or experiments which you have mentioned in connection with the 
several receivers ? 

Ans. I think we used three different forms, Callaud’s or gravity 
battery, Grove battery and carbon battery ; sometimes using but 
one cell, and at other times a number of them. Just how many I 
do not remember. 

Cross-Int. 147. Will you give me the data as to the electro-mag- 
net used in connection with the concave metallic diaphragm re- 
ceiver, and also as to that used in connection with the diaphragm 
box-magnet receiver ? 

Ans. I have here the original instrument, concave metallic dia- 
phragm receiver, which can be examined as to its resemblance to the 
exhibit. The cores of the magnet are about half an inch in diame- 
ter, and about four inches long, perhaps a little more. The resist- 
ance of the wire upon the magnet I do not remember. I think the 
resistance isin the neighborhood of one hundred ohms. It may be 
more or less. The magnets of the diaphragm box receiver had 
cores of about an inch and one-half in length, and a quarter of an 
inch in diamater, and I think the wire upon them had from one to 
two hundred ohms resistance. 

Cross-Int. 148. Will you give the same data in respect to the 
electro-magnet of the first single tone transmitter, parts of which 
you have put in evidence ? 

Ans. The cores of the magnet were about an inch and a half 
long anda quarter of an inch in diamater, the wire upon them 
measuring two or three ohms. 

Cross-Int. 149. Was this original transmitter constructed speci- 
ally for the experiments which you made with it ? 

Ans. The magnet was an old one, but the combination with the 
spring and contact screw was arranged especially for the experi- 
ments we made with it. 

Cross-Int. 450. Had you, before the construction of either the 
first two-tone transmitter or the first single tone transmitter, seen 
instruments used for interrupting a current by means of a spring 
and a contact point arranged as they were in the two original in- 
struments referred to ? 

Ans. ‘I had. 

Cross-Int. 151. Will you explain how the breaking of the short 
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circuit in the first single tone transmitter operated to change the 
strength of the magnetism of the electro-magnet of the receiving in- 
strument ? 

Ans. The make and break of the short circuit operated to induce 
a current of electricity in the secondary wire, which charged the 
magnet as many times per second as the make and break oceurred. 

Cross-Int. 152. Were there two coils in the electro-magnet of 
that transmitting instrument—a primary one and a secondary ? 

Ans. [ answered your question with reference to the two-tone 
transmitter. I see now that it was limited to the single tone. 
Speaking now of the single tone transmitter, by breaking or opening 
the short circuit, the entire current from the battery passed over 
the line through the receiving magnet, charging it strongly. When 
the short current was closed, a large portion of the battery current 
was drawn through the short cireuit, leaving but a small portion up- 
on the line, which would reduce the strength of the receiving mag- 
net. Another effect was produced by this breaking of the short cir- 
cuit 


an extra current was induced upon the line, which aided in 
charging the receiving magnet. 

Cross-Int. 153. What was the strength of the current derived 
from these two sourees when the short circuit was broken, as com- 
pared with that arising from the battery alone when the short cir- 
euit was closed. 

Ans. The instant of the break the current was much stronger 
than the battery current alone. The comparison I have never made. 

Cross-Int. 154. What difference was there in the action of the 
first two-tone transminitter, when only one key was used, »nd the ac- 
tion of the single tone transmitter in producing sounds on the same 
receiver with the same strength of battery current ? 

The two-tone transmitter induced a current of electricity in the 
secondary wire line and receiving magnet. The single tone trans- 
mitter alternated the power of the battery current upon the line 
and through the receiving magnet, and induced a current also upon 
the line and through the receiving magnet. 

Cross-Int. 155. As to the sounds produced by the receiver, what 
difference was there when the springs which broke the current in 
the two instruments vibrated at the same rate ? 

Ans. When the single tone transmitter was used, the reproduced 
tone would be louder than when one tone from the two tone trans- 
mitter was reproduced ? 

Cross-Int. 156. Was this difference in the loudness of the tones 
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due to a greater difference in one case than in the other between 
the maximum and minimum strength of the magnetism of the elec- 
tro-magnet of the receiver during the vibration of the circuit break- 
ing spring? | 
Ans. I think it was, partly, but there were other conditions 
which I cannot explain, but can be explained by an electrical ex- 
pert ; as, for instance, the matter of quickness of charge and dis- 
charge of the magnetism of the receiving magnet in the two cases. 
Cross-Int. 157. In the use of these two transmitters, if I under- 
stand their operation, the change in the strength of the current, by 
virtue of which sounds were produced in the receiving instrument, 
took place when contact was made or broken between the vibrating 
spring and the contact point it was shown in the exhibits ; am I cor- 


rect in this ? 


Ans. That is correct. 

Cross-Int. 158. Did the springs exert any influence upon the 
eurrents during their movement after their contact with the contact 
point was broken until they returned into contact again ? 

Ans. In regard to the two tone transmitter they did not; with 
regard to the single tone transmitter the spring did exert some in- 
fluence after contact with the point was broken while approaching 
to and receding from the transmitting magnet. 

Cross-Int. 159. You have spoken of two’ instruments, two single 
tone transmitters that were made after this first one, one of which 
had an induction coil and the other had not. Did these instruments 
operate respectively like the first two-tone transmitter when one 
key was used and the first single tone transmitter ? 

Ans. They did. 

Cross-Int. 160. In your answer to the eighty-eighth interroga- 
tory you refer to a patent, 186,340, called “Close Circuit Patent,” 
as showing as well as another patent mentioned, a certain arrange- 
ment of batteries. If your answer is intended to convey the idea 
that there was a continuously closed circuit between the transmit- 
ting instrument and the receiving instrument, will you explain what 
the arrangement was, and state whether or not a current was con- 
tinuously flowing between the transmitting instrument and the re- 
celver ? 

Ans. The transmitting instruments were placed in such relation 
to portions of the battery that they could short-circuit said portions 
of battery without being themselves in the closed circuit. 


— 
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Cross-Int. 161. How did this arrangement differ from that of the 
first single tone transmitter ? 

Ans. In that there was no magnet in the transmitter in this ar- 
rangement through which the current from the battery passed. 

Cross-Int. 162. When was this arrangement first used by Mr. 
Gray ? 

Ans. In March, 1875. 

Cross-Int. 163. State whether or not vibrating reeds were used 
to make and break the battery circuit, and, 1f so, how such making 
and breaking operated to effect the receiving instrument ? 

Ans. Vibrating reeds were used to make and break a short cir- 
cuit from a portion of the battery connected with such reed in such 
a manner that when the reed and contact point were in contact, the 
larger part of the current from that portion of the battery was di- 
verted from the line or closed circuit through the short cireuit 
spoken of; and when said reed and contact point were separated, 
the current from that portion of the battery returned to the lne or 
closed circuit, thereby alternating the effect of the current from that 
portion of the battery upon the line and through the receiving 
magnet. 

Cross-Int. 164. These changes in the strength of the current 
passing through the receiving instrument took place at the time 
when the contact was made or broken between the vibrating spring 
and contact point, did they not ? 

Ans. They did. 

Cross-Int. 165. And the result was, if I understand it correctly, 
to increase and diminish the magnetism of the core of the electro- 
magnet of the receiving instrument at regular intervals, correspond- 
ing with the vibrations of the spring and by a constant amount ? 

Ans. Yes, sir. 

Cross-Int. 166. At the commencement of the cross-examination 
I asked you to give an account of any trials which you had wit- 
nessed other than those spoken of in your direct examination of the 
original instruments which have been produced in evidence, or of 
which duplicates have been produced. Will you now give me an 
account of any trials which you may have seen made, beyond those 
spoken of in your direct examination, of instruments lke the origi- 
nals, or substantially reproductions of them, giving the time of such 
trials and the purposes for which they were made ? 

Ans. I used the duplicate of the two-tone transmitter experi- 
mentally in October or November, 1878, in connection with the vio- 
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lin animal tissue receiver or duplicate of it, the duplicate of the res- 
onant box magnet receiver, the original concave diaphragm magnet 
using the identical 


receiver, the diaphragm box magnet receiver , 
one which had been put into the case as an exhibit—the wooden 
sounding box magnet receiver put in evidence as an exhibit with 
the octagon plate of iron in place of the oblong iron bar, the ani- 
mal tissue revolving plate receiver put in evidence as an exhibit, and 
the tin plate receiver put in evidence as an exhibit. In the place of 
the thin plate of metal mentioned in the eleventh answer, I have 
used a variety of plates differing in shape from the original, but 
substantially a reproduction of it in connection with various trans- 
mitters, some of which trial were made in May, 1874, other in July, 
1874, and other at different times from that time to the present, the 
purposes of such trials being, some of them experimental and others 
exhibitions. I have used the single tone transmitter with all the 
various forms of receivers, experimentally, but cannot specify par- 
ticular times of particular trials, except, perhaps, in October or No- 
vember, 1878, when I used it in place of the two-tone transmitter in 
similar experiments. The animal tissue violin receiver or duplicate 
of the original was used at an exhibition given in Highland Park in 
December, 1874, and had been used for similar purposes since that 
time. ‘The animal tissue revolving plate receiver, or duplicate of 
it, | have seen used experimentally, but cannot give dates of such 
uses. A duplicate of the paper drum receiver I have seen used for 
receiving a telegraphic message, I think, in the winter of 1874-1875. 
I have seen it used at other times, but cannot give the dates. A 
duplicate of the resonant box magnet receiver I saw used in July, 
1874, experimentally, and saw it used about the same time for re- 
ceiving a telegraphic message in connection with one of the single 
tone transmitting instruments mentioned as having been made dur- 
ing that same month. I have seen it used since, but cannot give 
the particulars. The concave metallic diaphragm magnet receiver 
was used in October or November, 1878, in testing transmitting in- 
struments, one of which was the two tone transmitter made about 
that time (which has been put into this case as an exhibit); also the 
two single tone transmitters referred to as having been made in July, 
1874. <A duplicate of the wooden sounding box receiver, put in evi- 
dence as an exhibit, was used in September, 1875, for reproducing 
melodies in connection with the transmitting instrument arranged 
for such transmission of melodies. One was also used for the same 
purpose in July, 1875, and a similar one in October, 1875, for the 
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same purpose, and similar instruments, some of them differing a lit- 
tle in form, having been used at frequent intervals. since that time 
for the same purposes; and on some of the occasions mentioned, 
perhaps all, a telegraphic message sent from the transmitting sta- 
tion was received from the receiving instrument. 


Adjourned to March 27, 1879, at 10:30 A. M. 


New York, March 27, 1879, 10:30 A. M. 


Direct EXAMINATION RESUMED: 


Int. 167. You said in your cross-examination (one hundred and 
thirty-fourth answer), “ In the winter of 1874—5, in experiments with 
similar instruments, we were led to believe that they could be used 
as receivers for the human voice;” what instruments were you 
using and what capacity in the receivers did you notice, which led 
you to believe they could be used as receivers for the human 
voice ? 

Ans. We were using an instrument constructed for the purpose 
of transmitting melodies, similar to the one put in evidence, and 
marked Gray's Two-octave Tone Transmitter,” in CO! ection W ith 
a duplicate of the resonant box magnet receiver. Some of the tones 
of the transmitting instrument were accompanied by a peculiar 
sound arising from the effect of a spark at the point of contact of 
the vibrating reed and contact screw. The peculiar quality of the 
tone at the transmitting instrument was reproduced exactly by the 
recelving instrument. 

Int. 168. Can you name any other experiment made by Mr. Gray 
leading to or confirming the belief that the receiving 1ustruments be 
was using for musical tones could be also used for the human voice ; 
if so, please describe the experiments ? 

Ans. In experimenting with an instrument for making and 
breaking a battery current by mechanical means, we noticed that 
we could vary the quality of the reproduced tone by a duplicate of 
the resonant box magnet receiver by certain manipulations of the 
transmitting instrument. With this combination we did produce 
sounds very much like sounds produced by the human voice. We 
made a very good imitation of a groan, such as a person would pro- 


duce when in pain. 
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Int. 169. Will you describe what manipulations you refer to, 
stating whether or not they were of a character to affect the condi- 
tion of the current when the cireuit was closed, and if so, how ? 

Ans. The transmitting instrument spoken of in the former an- 


swer was composed of a metallic shaft, upon which there was placed 
a wheel for the purpose of revolving it. Upon the shaft there. were 
also two metallic cams, upon which rested levers of metal. Mounted 
under each lever was a contact screw, adjustible and so arranged 
that when the cut away portion of the cams reached the end of the 
levers the latter would drop and make contact with the screws. One 
battery wire was attached to one of the levers, the current passing 
to the screw, from that screw to the other lever, the other wire being 
attached to the other contact screw, so that when either was separa- 
ted the battery circuit was open. One or both of the levers could 
be used. Rubber springs were used to vary the contact. When in 
use the revolving shaft would break the current a definite rate per 
second, and while so running, by drawing upon the rubber springs, 


or by pressing upon the levers with the fingers, a variable degree of 
contact would take place, which variable degree of contact would 
produce variations in the quality of the tone produced by the re- 


celving magnet. 


Int. 170. If youhave it here, will you produce the apparatus ’ 
you have referred to ? 
Ans. I do produce it. 
(‘The apparatus produced is marked “ Defendant's Exhibit 
Gray's Mechanical Transmitter, W.C. W., Ex’r.” See p. 445.) 
[ will add to complete my explanation, that when one of these 
levers and contact points was used alone, the other lever point was 
cut out by a temporary wire. 
Int. 171. Returning to the answer to the one hundred and thirty- 
fourth cross-question, where you say you and Mr. Gray were led to 
believe, from experiments with receiving instruments, that they 
could be used as receivers for the human voice. State what, if any- | 
thing, Mr. Gray said, indicating such a belief on his part. “ 


Ans. The remark was made by Mr. Gray that our receiver in use 
at that time was capable of reproducing the human voice. 

Int. 172. Do you remember whether or not, at or about the 
time of your seeing the Lover’s Telegraph in Milwaukee, you men- 
tioned to Mr. Gray what you had seen ? 
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Ans. I do not remember the circumstance at the very time, but 
remember speaking with him about it. There was another party 
with me when I saw it, who also saw it—Mr. C. H. Haskins, of Mil- 
waukee—who probably first spoke to Mr. Gray about it. 

Int. 173. In several places in your cross-examination you alluded 
to possible differences between original instruments used by Mr. 
Gray and the exhibit which you have produced here as reproduc- 
tions of such instruments ; do you know of any difference between 
any of the exhibits and the instrument it purports to represent, 
which in any way relates to or would affect the operation of the 
original instruments for transmitting and receiving musical tones, 
or whatever other tones you have spoken of as being produced 
by them ? 

Ans. Ido not. 

Int. 174. Speaking of your exhibit, which is called a duplicate of 
Gray's original two-tone transmitter you said in answer to one hun- 
dred and nineteenth cross-question, ‘“ probably the separate 
parts of this instrument are not exactly duplicates,” and again, in 
answer to the one hundred and twenty-fifth cross-question, speak- 
ing of the Exhibit Gray’s Resonant Box Magnet Receiver, you say 
you presume that the wagnets and box are not identically like the 
original, as you understand the word; and again, in answer to the 
one hundred and thirty-first cross-question, speaking of certain 
other boxes which were used in connection with the single-tone 
transmitter, you said they were not exactly of the same dimensions 
as that which vou have produced as a part of the exhibit; why do 
you speak thus doubtfully in regard to the exact correspondence of 
the reproductions with the originals, and state how far, if at all, 
you believe, as matter of fact, that there is any difference ? 

Ans. Because of the impossibility of making two things exactly 
alike with a model before you, and still more so without the 
original, having only a representation of it or drawing. So far as J 
know, there is no difference in the workings of the originals or 
duplicates. | 

Int. 175. I understand the one hundred and thirty-third cross- 
interrogatory to ask whether the reproduction of the tones of the 
single tone transmitter was the ultimate object of the apparatus in 
which it and the concave metallic diaphragm receiver were used to- 
cether, and you answered, “At the time it was produced it was.” 
What distinction do you make between the time it was produced 


and some later time? Please explain your answer. 
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| 7 a | Ans. I was not aware to what further uses it might eventually be 
: f ‘a he put. 
$ [ Int. 176. Do you mean to be understood that the main object of 


constructing and applying the concave metallic diaphragm receiver 
in July or August, 1874, was to receive the tones of the single tone 
transmitter ? 
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Ans. I do not. It was to be used with any transmitter that we 
had already or might make. 
W. M. GooDRIDGE. 


Attest: 
W. C. WITTER, 


Examiner. 


Adjourned to April 1, 1879, at 10:30 A. M. 


New York, April 1, 1879, 10:39 A. M. 


Adjourned to April 2, 1879, at 10 A. M. 


New York, April 2, 1879, 10 A. M. 


[Counsel for defendant puts in evidence a copy of the file wrap- 
per, contents and drawing in the matter of the application of 
Elisha Gray for the patent No. 166,096, dated July 27, 1875 ; and the 
same is marked “ Defendant's Exhibit Animal Tissue Application, 
w. CO. W., are] 

Also a copy of the file wrapper, contents and drawing in the mat- 
ter of the application of Elisha Gray for the patent No. 166,095, 
dated July 27, 1875; and the same is marked “ Defendant’s Exhibit 
Magnet Receiver Application, W. C. W. Ex’r.” 

Also an official copy of reissue patent No. 4558, Division A, 
dated January 28, 1879, granted to the Harmonic Telegraph Com- 
pany, assignees of Elisha Gray; and the same is marked “ Defend- 
ant’s Exhibit Magnet Receiver, Reissue Art Division, W. C. W., 
Ex’r.” 


DEPOSITION OF WM. M. GOODBIDGE. , 285 


Also an official copy of reissue patent. No. 8559, Division B, 
dated January 28, 1879, granted to the Harmonic Telegraph Com- 
pany, assignees of Elisha Gray; and the same is marked “ Defend- 
ant’s Exhibit Magnet Receiver, Reissue Apparatus Division, W. C. 


WwW. oar. 
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(No 54.) Defendants’ Exhibit, ** Deposition of William 
M. Goodridge (recalled).” 


(Introduced by defendants in this cause) from printed record, 
Bell Telephone Company e¢ al. vs. Peter A. Dowd (pp. 269-278) 


J. A. W., Sp. Ex’r. 


Direct EXAMINATION BY CAUSTEN Browne, Esq., oF COUNSEL FoR DE- 
FENDANT : 
New York, May 6, 1879, 11 A. M. 


Int. 1. In your answer to the eighty-ninth interrogatory, page 
90 of the record, you mentioned Mr. Gray’s use in September, 1875, 
of an apparatus having a multiple transmitter capable of sending a 
number of tones simultaneously, each of the volume of one tone 
sounded separately, and with such multiple transmitter, a receiving 
bar of metal opposite the poles of the magnets, as shown in the 
sounding-box exhibit, and with the circuit constantly closed and 
with the magnet constantly charged. Will you now produce one of 
the series of transmitting instruments constituting the multiple trans- 
mitter which was used in this apparatus, and explain the manner in 
which it operated in connection with the closed circuit to throw 
upon that cireuit electrical undulations answering to the tone of the 
reed of each transmitter ? 

Ans. I produce one of the identical transmitters used. (The in- 
strument produced is put in evidence for the defendant, and marked 
“ Defendant’s Exhibit Gray’s Multiple Transmitter of 1875, W. C. 
W., Ex’r.”) It consists of a tuned reed fastened firmly to a post 
mounted upon a wooden base. An electro-magnet is also mounted 
upon the base on each side of the reed and near the free end, sup- 
plied with adjusting screws for the purpose of adjusting the magnets 
a proper distance from the reed. The magnets are so connected 
that when the battery is applied the reed is caused to vibrate, and 
in so doing alternately changes the magnetic power from one magnet 
to the other, thereby causing a continuous vibration. On either 
side of the reed, about an inch from the fixed end, a light spring, of 
German silver with platinum at one end, is attached, opposite to 
which are mounted upon the base, posts which carry contact screws, 
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There are, also, upon the base, for binding posts, two of which are 
used to connect the local battery causing the vibrations ; the other 
two for connecting wires from the main battery. The contact screw 
and spring on the left side of the reed (that is, at my left, as I place 
the instrument before me with the magnets farthest from me) are in 
the local circuit. Those on the right are in the circuit from the 
main battery. 

The magnet on the right of the reed is wound to one ohm resist- 
ance, the one on the left to thirty ohms. When the local battery is 
connected with the instrument, and the local contact screw and 
spring are in contact, the low resistance magnet only is in the cir- 
cuit, the other or high resistance magnet being cut out by the con- 
tact of the screw and spring. ‘The free end of the reed is immedi- 
ately drawn toward the low resistence magnet, separating the con- 
tact between the local screw and spring, thereby letting into the 
circuit the high resistance magnet in addition to the low one. It is 
a well known fact that when two magnets of different resistance, 
other things being equal, are placed in the same circuit, and a bat- 
tery current sent through them, the magnet having the higher re- 
sistance develops the stronger magnetism ; consequently, the reed is 
drawn back towards the high resistance magnet, which immediately 
cuts out the high resistance magnet, and the operation is repeated a 
number of times per second corresponding to the natural rate of vi- 
bration of the reed. In this case the local battery circuit is never 
opened. For convenience of description I have lettered the different 
posts of the exhibit. C is the post to which the reed is fastened. I 
and I’ are the posts which carry the contact screws. F and F’ 
are the binding posts for the local battery, and G and GQ’ are the 
binding posts for the main battery connections. When the local 
battery is connected to the posts F and I’ the current passes from 
I’ to the low resistance magnet, which is the one nearest to it; 
through it to the post I, carrying the local contact screw; and when 
its contact with the spring is closed passes through the spring to 
the reed, through it and the post C, and from post C through bind- 
‘ing post F, back to battery. 

When the contact is broken between the post I and the reed, the 
‘current passes from the post I to the high resistance magnet (the 
‘one nearest to it) through it to the post F, and back to battery. 
‘When this instrument is attached to the main battery, the wires 
‘from the main battery are connected to the binding posts G and Q@’. 
‘The post G is connected with the post I’ carrying the contact screw 
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(No 54.) Defendants’ Exhibit, ‘* Deposition of William 
M. Goodridge (recalled).” 


(Introduced by defendants in this cause) from printed record, 
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J. A. W., Sp. Ex’r. 


Direct EXAMINATION BY CAUSTEN Browne, EsaQ., of COUNSEL FOR DE- 
FENDANT : 
New York, May 6, 1879, 11 A. M. 
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Int. 1. In your answer to the eighty-ninth interrogatory, page 
90 of the record, you mentioned Mr. Gray’s use in September, 1875, 
of an apparatus having a multiple transmitter capable of sending a 
number of tones simultaneously, each of the volume of one tone 
sounded separately, and with such multiple transmitter, a receiving 
bar of metal opposite the poles of the magnets, as shown in the 
sounding-box exhibit, and with the circuit constantly closed and 
with the magnet constantly charged. Will you now produce one of 
the series of transmitting instruments constituting the multiple trans- 
mitter which was used in this apparatus, and explain the manner in 
which it operated in connection with the closed cireuit to throw 
upon that circuit electrical undulations answering to the tone of the 
reed of each transmitter ? 

Ans. I produce one of the identical transmitters used. (The in- 
strument produced is put in evidence for the defendant, and marked 
“ Defendant’s Exhibit Gray’s Multiple Transmitter of 1875, W. C. 
W., Ex’r.”) It consists of a tuned reed fastened firmly to a post 
mounted upon a wooden base. An electro-magnet is also mounted 
upon the base on each side of the reed and near the free end, sup- 
plied with adjusting screws for the purpose of adjusting the magnets 
a proper distance from the reed. The magnets are so connected 
that when the battery is applied the reed is caused to vibrate, and 
in so doing alternately changes the magnetic power from one magnet 
to the other, thereby causing a continuous vibration. On either 
side of the reed, about an inch from the fixed end, a hght spring, of 
German silver with platinum at one end, is attached, opposite to 
which are mounted upon the base, posts which carry contact screws, 
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There are, also, upon the base, for binding posts, two of which are 
used to connect the local battery causing the vibrations ; the other 
two for connecting wires from the main battery. The contact screw 
and spring on the left side of the reed (that is, at my left, as I place 
the instrument before me with the magnets farthest from me) are in 
the local circuit. ‘Those on the right are in the circuit from the 
main battery. 

‘The magnet on the right of the reed is wound to one ohm resist- 
ance, the one on the left to thirty ohms. When the local battery is 
connected with the instrument, and the loeal contact screw and 
spring are in contact, the low resistance magnet only is in the eir- 
cuit, the other or high resistance magnet being cut out by the con- 
tact of the screw and spring. The free end of the reed is immedi- 
ately drawn toward the low resistence magnet, separating the con- 
tact between the local screw and spring, thereby letting into the 
cizcult the high resistance magnet in addition to the low one. It is 
a well known fact that when two magnets of different resistance, 
other things being equal, are placed in the same circuit, and a bat- 
tery current sent through them, the magnet having the higher re- 
sistance develops the stronger magnetism ; consequently, the reed is 
drawn back towards the high resistance magnet, which immediately 
cuts out the high resistance magnet, and the operation is repeated a 
number of times per second corresponding to the natural rate of vi- 
bration of the reed. In this case the local battery circuit is never 
opened. For convenience of description I have lettered the different 
posts of the exhibit. Cis the post to which the reed is fastened. I 
and I’ are the posts which carry the contact screws. F and F’ 
are the binding posts for the local battery, and G and G’ are the 
binding posts for the main battery connections. When the local 
battery is connected to the posts F and I” the current passes from 
EF’ to the low resistance magnet, which is the one nearest to it: 
through it to the post I, carrying the local contact screw ; and when 
its contact with the spring is closed passes through the spring to 
the reed, through it and the post C, and from post C through bind- 
ing post F, back to battery. 

When the contact is broken between the post I and the reed, the 
current passes from the post I to the high resistance magnet (the 
one nearest to it) through it to the post F, and back to battery. 
When this instrument is attached to the main battery, the wires 
from the main battery are connected to the binding posts G and Q’. 
The post G is connected with the post I’ carrying the contact screw 
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and the reed and post C are connected with the post G. In the use 
referred to in the question, a Morse key was placed in one or other 
of the wires between the main battery and the posts G or G’. 
When such key was closed, the current from the main battery 
passed to post G’, from thence to the post I’, and when in con- 
tact with the reed it passed through the reed and post C to the 
post G, and from thence to the main battery. The method of 
connecting the instruments with the main battery, during the use 
referred to in the question, is shown in the drawings of patents 
granted to Mr. Gray, numbered 175,971, dated April 11, 1876, No. 
186,340, dated January 16, 1877, and No. 205,378, dated June 25, 
1878. In the use referred to in the question, four instruments 
like the exhibit were connected with the main battery, at the 
transmitting end of the line, in such a manner that each had a 
definite section of the main battery. When the local batteries 
were connected with the transmitters, each transmitter having its 
local battery, and the reeds vibrating continuously and the instru- 
ments and keys (one key for each instrument) in connection with 
their sections of main battery, and keys all open, the current 
from the entire main battery was upon the line and through the 
receiving instrtments to the ground plate at the distant end, the 
other pole of the main battery being connected with the ground 
plate at the transmitting end, making the circuit complete. When 
either of the keys was closed, every time the contact screw I’ and 
spring upon the reed of the instrument connected with said key 
came in contact, that section of the battery connected through that 
closed key with the instrument was short-circuited, thereby taken 
off from the line the power of that number of cells contained in 
said section; and when those contact points separated, the 
power of that section of the battery returned to the line, 
thereby alternating the strength of the current on the main 
line. 


1 P. M. adjourned to 1:45 P. M. 


1:45 P. M., resumed. 


In addition to the above description of the transmitting instru- 
ments, I wish to say that the currents from the main battery 
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does not at any time pass through the magnets forming parts of such 
transmitters. 

Int. 2. Does the apparatus contain a means of adjustment for 
preventing the reeds and its vibrations from touching the poles of 


the magnets; if so, what is it? 

Ans. The magnets are supplied with screws by which they 
can be drawn farther from the reed or placed nearer to the 
reed, and firmly clamped in whatever position, with relation to 
the reed, they are found to work best, never being touched by the 


reed. 
| Int. 3. In his answer to the thirty-fifth interrogatory Mr. Edward 
| S. Renwick speaks of certain experiments which he had made with 
| what he understood to be Bell telephones, said experiments being 


with the sounding box or cover off the instrument or on it, with a 
view to ascertain practically whether the presence of the sounding 
box or cover had any useful effect for the purpose of distinctness or 
loudness of sounds transmitted or received. Did youassist in those 
experiments ? 

Ans. I did. 

Int. 4. Does Mr. Renwick state correctly their character and 
results ? 

® Ans. He does, so tar as my observation goes. I witnessed all 

| the experiments he made with these instruments, and tried the same 
experiments myself, and the results I obtained corresponded exactly 
with his. 

Int. 5. In his answer to the thirty-ninth interrogatory he states 
certain experiments bearing upon the question as to the importance 
of the chamber in front of the diaphragm of the Bell patent of 
1877, and of the mouth-piece in that patent, as to the matter of 
distinct and loud speaking or hearing. Did you witness or 
assist him in those experiments, and will you state what you 
can as to whether Mr. Renwick correctly gives their character and 
results ? 

Ans. I assisted him in these experiments, and also tried them 
myself, obtaining the same results as he describes in his answer to 

2 the thirty-ninth interrogatory. 

Int. 6. In his answer to his eighth interrogatory he describes cer- 
tain practical operations which he conducted in connection with 
others, by the use of an apparatus constructed in conformity with 
the specification and drawings of the Bell patent of 1876, as respects 
the matter referred to in the fifth claim. Did you have anything to 
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do with those experiments? If so, what? And will you state 
how far you are able to verify from your own observation the 
correctness of the account which he gives of them and of their 
results ? 

Ans. I assisted him in the experiments referred to, part of the 
time being at the transmitting instrument and part of the time at 
the receiving instrument. I did a good deal of talking and _ shout- 
ing into the transmitting instrument, part of the time by counting, 
and part of the time by sounding different tones of the diatonic 
scale loudly, such as the first, third, fifth and octave of the scale. I 
also listened at the receiving end, and heard sounds such as he de- 
scribes proceeding from the receiving instrument. The results which 
I obtained when listening are exactly those described by Mr. Ren- 
wick, as received by him when I was transmitting. 

Int. 7. In his answer to the forty-second interrogatory Mr. 
Edward 8. Renwick says that in conjunction with you he made a 
number of experiments with certain common receivers, testified as 
used by Mr. Gray in 1874 or 1875. Will you state whether Mr. 
Renwick describes correctly the character and the results of those 
experiments ? 

Ans. Mr. Renwick’s description is correct. I obtained on the 
same occasion the same results which he describes. In these 
experiments we were assisted by Mr. Glass, foreman of the 
Western Uuion shops, who usually did the talking while I was 
listening. 

Int. 8. On page 881 of Prescott’s “ Electricity and the Electric 
Telegraph,” I find the following account of a telephone which 
Prescott says was constructed by Professor Bell. The principle of 
his method is illustrated in Fig. 523 : 


P 


’—........... 
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‘““A represents the transmitting, and B the receiving apparatus. 
When a person speaks through the tube T, in the direction of the 
arrow, the acoustic vibrations of the air are communicated to a 
membrane tightly stretched across the end of the tube, upon which 
is cemented a light, permanent bar magnet, 2s. This is in close 
proximity to the poles of an electro-magnet M, in tie circuit of the 
line, which is constantly charged by a current from the battery E. 
The vibrations of the magnet ” s induce magneto-electric pulsations 
in the coils of the electro-magnet M, which traverse the circuit ; and 
the intensity of these pulsations is in proportion to the vibrations 
of the magnet. Consequently, this apparatus is capable of trans- 
mitting both the pitch and intensity of the tones which enter the 
tube T. The receiving instrument consists simply of a tubular 
electro-magnet RK, formed of a single helix with an external soft iron 
case, into the top of which is loosely fitted the iron plate R, which 
is thrown into vibrations by the action of the magnetizing helix.” 
How does the apparatus here described and represented com- 
pare with the telephone which Mr. Bell exhibited at the Philadelphia 
Centennial ?- 

Ans. I witnessed the experiments made in Philadelphia on the 
25th of June, 1876, by Professor Bell, and saw the apparatus de- 
scribed in the passage you have quoted. I consider the cut a fair 
representation of the instrument I saw. My impression of the re- 
ceiving magnet is that it was somewhat longer in comparison with 
its diameter than the cut showed it to be: also, that the tube T, as 
I remember it, was considerable longer than it is represented in the 
eut. I should say the tube I saw was about six inches long. 

Int. 9. In the apparatus described and shown in the passage I 
have read from Prescott's book, is the external! soft ivon case at 
the receiving end in magnetic connection with the core, so as to 
be magnetized as well as the core by the passage of the current 
through the coil ? 

Ans. As I understand it, it forms one pole of the magnet, of 
which the central core forms the other pole ; consequently, it must 
be in magnetic connection with the central core. 

Int. 10. You stated on your former examination that a sounding 
box, like that which makes part of the “ Exhilit Gray’s Resonant 

30x Magnet Receiver,” was sent to Washington as a model, accom- 
panying his application for his original magnet receiver patent. Of 
what material was this sounding box, which went to the Patent 
Office, made ? 
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Ans. It was made of what is commonly called tin plate, said plate 
being thin iron, plate coated with tin. 

Int. 11. I do not remember that it has been testified of what ma- 
terial the concave metallic diaphragm receiver, made in Chicago in 
July, 1874, was made. Please state ? 

Ans. The concave metallic diaphragm was also made of sheet 
iron, coated with tin. | 

Int. 12. In one of the extracts which have been put in evidence 
from Professor Bell’s London lecture, describing an apparatus such 
as is represented by Fig. 7 of his patent of March, 1876, he says 
that the diaphragms were made of goldbeater’s skin ; please to state, 
if you know, what the character of this material is, its 
degree of thinness and of sensitiveness to moisture, as 
compared with the material of which the diaphragms are made 
in the Defendant’s Exhibit Bell Apparatus of 1876, patent ? 

Ans. Goldbeater’s skin is a very thin animal membrane. How it 
compares in thickness with the diaphragms in Defendant’s Exhibit 
Bell Apparatus of 1876 patent I do not know exactly, but should 
think it was three or four times thinner, on account of its thinness. 
I think it is very much more sensitive to moisture than the parch- 
ment used in the exhibit spoken of. When the instruments were 
first made, which are in this case as exhibits, and marked respec- 
tively “ Defendant’s Exhibit Bell’s Apparatus of 1876, Patent Re- 
ceiver” and “ Defendant's Exhibit Bell Apparatus of 1876, Patent 
Transmitter,” the diaphragms were made of goldbeater’s skin. When 
placed upon the cones they were moistened and stretched tightly, 
and wired so that they could not slip off, when dry they were very tight 
and tense. After standing a little while in a warm room, I found 
both of the diaphragms had burst, and was obliged to put on new 
pieces. ‘This was done in Chicago. When they arrived in New York 
I found they had burst again. I then.procured the parchment of 
which the diaphragms now on the instrument were constructed, and 
had them mounted as they now are at the shop of the Western 
Union Telegraph Company. These latter diaphragms retained their 
elasticity longer than the former thin ones did; or, in other words, 
you can use the transmitter a much longer time before 
the diaphragm is affected by the moisture of the breath and becomes 
flabby. 


— A 


|, 1 


DEPOSITION OF WM. M. GOODRIDGE. 293 


CROSS-EXAMINATION BY J. J. Storrow, Esq., oF COUNSEL FoR Com- 
PLAINANTS : 


Cross-Int. 13. Where were you from the first of May, 1874, until 
you went abroad in August of the same year ? | 

Ans. In Chicago, with an occasional little run into the 
country. 

Cross-Int. 14. Did you come East during that time ? 

Ans. I did not. 

Cross-Int. 15. Look at the tenth question and answer in 
your deposition of to-day. Have you any personal knowledge 
that what is there called the sounding box was ever filed in the Pat- 
ent Office ? 

Ans. I have not. 

Cross-Int. 16. The Mr. Prescott spoken of in the eighth question 
and answer of to-day’s deposition is the same Mr. Prescott 
spoken of in Mr. Gray’s seventy-second, seventy-fourth and 
seventy-eighth cross answers, pages 130 and 131 of the printed rec- 
ord, is he not ? 

Ans. Iso understand it. 

Cross-Int. 17. The apparatus of Professor Bell, which you refer- 
red to in your eighth and ninth answers of to-day’s deposition, is the 
same as that referred to in Mr. Gray’s fifty-third answer, page 126 
of the printed record, is it not? 

Ans. Yes; that is the same. 

Cross-Int. 18. Is the description of the small circular plate of 
iron or steel, and of its relation to the iron tube and core of the 
tubular magnet receiver of Professor Bell, which is found 
in that answer of Mr. Gray, correct according to your recollection ? 

Ans. It is. 

Cross-Int. 19. Look at your twelfth answer of to-day’s deposi- 
tion. Did you personally attach or see any one else attach the 
membranes which you say were mounted at the shop of the Western 
Union Telegraph Company in New York ? 

Ans. I did not. I told them how to do it, and left it for them 
to do. 

Cross-Int. 20. I understand from your first answer in to-day’s 
deposition that the function and effect of the local battery of each 
transmitter, when they are all connected up in the manner deseribed 
in that answer, is to cause the reed to vibrate, and that the curren 
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from that local battery does not ever pass over the main line to the 
distant station. Am I correct in this ? 

Ans. That 1s correct. 

Cross-Int. 21. I understand from that answer, and particularly 
from that passage in the latter part of it, which transcribes what 
takes place when the key of any particular transmitter is closed, 
that when in the course of the vibration of the reed, caused by the 
action of the local battery contact is made between the reed and the 
contact screw I’, the current from those cells of the battery which 
are appropriated to that particular transmitter passes through that 
contact and through a short circuit back to the other end of those 
cells, instead of being forced to over the main line. Am I right in 
that ? 

Ans. The bulk of the current is so diverted from the line through 
the short circuit when the reed and contact screw I’ are in contact. 
A small portion, however, is still upon the line. 

Cross-Int. 22. The amount which is thus diverted, and which you 
eall the bulk of the current as compared with the small amount 
which passes over the line, depends upon the comparative resistance 
of the passage of the electricity offered by the short circuit, when 
that is completed by closing the contact in the manner spoken of in 
the last question, anil the resistance of the long circuit over the line 
through whatever apparatus may be connected up as part of it 
at the distant station, and back through the earth to the battery. Is 
this so ? 

_Ans. It is. 

Cross-Int. 23. When the reed in this transmitter vibrates over 
the other side of its path, so as to break contact between the contact 
screw I’ and the reed spring, the short circuit is broken or opened, 
and this amount, which you call the bulk of the current, instead of 
going through the short circuit, as in the case stated in the twenty- 
first cross-question, is forced to go over the line to the distant 
station and through the receiving instruments, which are there 
connected up in the line, and thence back through the earth to the 
battery. Is this so? 

Ans. That is so. 

Cross-Int. 24. That amount of current, which you call the bulk 
of the current, and the amount of which is determined by the rela- 
tion of the resistances, as stated in the twenty-second cross-question 
and answer, is alternately thrown through the line and receiving in- 
strumenti at the distant station, or diverted from the line and receiv- 
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ing instruments each time the reed of the transmitting instrument 
in its vibration breaks and makes the contact with the contact screw 
l 
in the manner described in your first answer of to-day’s deposition. 
Is it not so? 


, When the instruments and apparatus are used and connected up 


Ans. As I understand the question, that is so. 
Wma. M. GooDRIDGE. 
Attest : 
W. C. WITTER, 


Examiner. 


Adjourned to May 7, 1879. 
A ’ 
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from that local battery does not ever pass over the main line to the 
distant station. Am I correct in this ? 

Ans. That is correct. 

Cross-Int. 21. I understand from that answer, and particularly 
from that passage in the latter part of it, which transcribes what 
takes place when the key of any particular transmitter is closed, 
that when in the course of the vibration of the reed, caused by the 
action of the local battery contact is made between the reed and the 
contact screw I’, the current from those cells of the battery which 
are appropriated to that particular transmitter passes through that 
contact and through a short circuit back to the other end of those 
cells, instead of being forced to over the main line. Am I right in 
that ? 

Ans. The bulk of the current is so diverted from the line through 
the short circuit when the reed and contact screw I’ are in contact. 
A small portion, however, is still upon the line. 

Cross-Int. 22. The amount which is thus diverted, and which you 
eall the bulk of the current as compared with the small amount 
which passes over the line, depends upon the comparative resistance 
of the passage of the electricity offered by the short circuit, when 
that is completed by closing the contact in the manner spoken of in 
the last question, and the resistance of the long circuit over the line 
through whatever apparatus may be connected up as part of it 
at the distant station, and back through the earth to the battery. Is 
this so ? 

_Ans. It is. 

Cross-Int. 28. When the reed in this transmitter vibrates over 
the other side of its path, so as to break contact between the contact 
screw I’ and the reed spring, the short circuit is broken or opened, 
and this amount, which you call the bulk of the current, instead of 
going through the short circuit, as in the case stated in the twenty- 
first cross-question, is forced to go over the line to the distant 
station and through the receiving instruments, which are there 
connected up in the line, and thence back through the earth to the 
battery. Is this so? 

Ans. That is so. 

Cross-Int. 24. That amount of current, which you call the bulk 
of the current, and the amount of which is determined by the rela- 
tion of the resistances, as stated in the twenty-second cross-question 
and answer, is alternately thrown through the line and receiving in- 
strument at the distant station, or diverted from the line and receiv- 
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ing instruments each time the reed of the fransmitting instrument 
in its vibration breaks and makes the contact with the contact screw 
I’, when the instruments and apparatus are used and connected up 
in the manner described in your first answer of to-day’s deposition. 
Is it not so? | 

Ans. As I understand the question, that is so. 

Wma. M. GOODRIDGE. 
Attest : 
W. C. WITTER, 


Examiner. 


Adjourned to May 7, 1879. 
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b (No. 54b.) “ Deposition of Elisha Gray.” (Introduced by 


defendant in this cause, from Printed Record, 
Bell Telephone Company et al. vs. Peter A. 
Dowd, pp. 111-156.) 


J. A. W., Sp. Ex’r. 


DirEcT EXAMINATION BY CAUSTEN BROWNE, OF COUNSEL FOR DE- 
FENDANT: 


Int. 1. What is your name, age, residence and occupation ? 

Ans. Elisha Gray ; | am forty-three years old; I reside at High- 
land Park, Illinois, and am a professional electrician and inventor. 

Int. 2. You are the person to whom the patents to Elisha Gray, 
put in evidence for the defendant in this case, were granted ? 

Ans. I am. 

Int. 3. Did you see in Boston the telephones produced as Ex- 
hibits, representing instruments used by the defendant Dowd, and 
for which use this suit is brought as an infringement of the Bell 
patents ? wp 

Ans. I did. 

Int. 4. Of whose manufacture are the instruments used by Mr. 
Dowd ? 

Ans. They were made by or on the order of the American Speak- 
ing Telephone, of New York. 

Int. 5. Is that company’s manufacture of telephones conducted 


under license from the owners of your patents put in evidence in 
this case, so far as such patents are applicable to telephones ? 

Ans. Yes, sir. 

Int. 6. Mr. Goodridge has testified in this case to transactions in 
regard to your inventions, beginning with his employment by you in 
the early part of 1874; will you please state how long before that 
you had been occupied more or less with studies, experiments and 


practical inventions relating to electric telegraphy, particularly 
noting anything relating to the telegraphic transmission of sounds, 


— 


and give a brief account of your doings in connection with these 
subjects ? 
Ans. At a very early age I was interested and read everything I 
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the science of electricity and magnetism. It was my habit to con- 
struct and operate any machine I saw described, so far as my facili- 
ties would allow. I remember having constructed telegraphic in- 
struments, electro-magnets, galvanic batteries, of various forms ; all 
of which operated successfully a long while before I became a pro- 
fessional electrician. About the year 1865 the opportunity offered 
that I long sought to become engaged professionally as an electri- 
cian and inventor. In the winter of 1866-7, while experimenting 
upon an improvement in telegraphic relays which were patented in 
the fall of 1867, I made my first observation relating to the trans- 
mission of musical tones or sounds telegraphically. The apparatus 
I then used consisted of an induction coil of ordinary construction, 
having a vibrating electrotome. In the primary circuit there was a 
battery and an ordinary Morse key. In the secondary circuit, in 
which was included a short line, was placed an instrument known as 
the polarized relay, which operates by to and fro currents. When 
the key was closed the electrotome was thrown in vibration, produc- 
ing a sound or tone more or less musical, and this tone or sound was 
reproduced on the receiving instrument (the polarized relay) before 
mentioned. At this time I also conceived the idea of constructing 
an instrument for transmitting tunes, similar to its general aspects 
to instruments made at a later date. From this time till about the 
beginning of 1874, I was constantly engaged as an inventor of elec- 
trical appliances, generally relating toimprovements in telegraphic 
apparatus. All the inventions I made during this time I cannot now 
recall, as many were never patented. I can name, however, patent 
for self-adjusting relay, granted in the fall of i867; another, April 
14, 1868, for what is known as the induction relay. After that I in- 
vented and constructed several forms of telegraphic repeaters, dial- 
telegraph instruments, a printing telegraph instrument which has 
been and is extensively employed by the Gold and Stock Telegraph 
Company. I also invented and patented an electric hotel annuncia- 
tor, now in very general use. I was also first inventor of what is 
known as the Travelling Annunciator, used in elevators. I invented 
and patented the telegraphic station-switch, which is in very gen- 
eral use. 

Int 7. When did your residence in Chicago begin ? 

Ans. About November or December, 1869. 

Int. 8. Mr. Goodridge has testified that in the early part of 1874 
you were the superintendent of the Western Electric Manufacturing 
Company, of Chicago; when did you take that office ? | 
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Ans. I took the office at the time the company was organized; I 
think in the year 1872, about May. 

Int. 9. What was the nature and extent of the business which 
that company carried on during your superintendence. 

Ans. We were manufacturers of all kinds of electrical and tele- 
graphic instruments, and dealers in telegraphic supplies. At the 
time the company was organized, we employed from twenty-five to 
fifty men, I cannot give the exact number, but the business rapidly 
increased, so that in 1874 we were employing about one hundred 
men, more or less. It was, and has been till now, about equal to 
the Western Union shops in New York in extent. At the time of 
its organization it is larger, I think. 

Int. 10. Mr. Goodridge has produced an instrument which is 
marked “‘ Defendant’s Exhibit Gray’s Two-Tone Transmitter,” which 
he says represents an instrument he made by your direction in April, 
1874, at Chicago, and described the manner of connecting it up and 
using it for the purpose of transmitting two tones simultaneously or 
singly over a telegraphic circuit. Do you remember the original in- 
strument? 

Ans. I do. 

Int. 11. Have you read Mr. Goodridge’s deposition ? 

Ans. I have. 

Int. 12. Is his description of the instrument just referred to, and 
the manner of its use, correct ? 

Ans. It is. 

Int. 13. Mr. Goodridge also describes an instrument which was 
made by him under. your direction after the two-tone transmitter, 
and which was an instrument for transmitting one tone, and is said 
by him to be represented by Exhibit Gray’s First Single Tone 
Transmitter, parts of which are parts of the original instrument ; 
and he describes the manner in which it was set up and used in 
circuit for the purpose of transmitting its tone. Is the original in- 
strument correctly described by him, and the exhibit just mentioned 
a correct representation of it as stated by him, and was it used as 
described by him at the time stated ? 

Ans. Yes. 

Int. 14. In answer to the twentieth interrogatory of his deposi- 
tion, Mr. Goodridge describes a number of receiving instruments as 
having been used by you or under your direction in Chicago; 
namely, an animal tissue receiver under three different forms, a 
paper drum receiver, a magnet receiver with a hollow tin box placed 


DEPOSITION OF ELISHA GRAY. 299 


on or near the poles, a concave metallic diaphragm receiver, a mag- 
net receiver having the magnets inclosed in the box, and a magnet 
receiver consisting of an iron plate mounted upon a sounding box. 
Do you remember these instruments, and are they correctly de- 
scribed by Mr. Goodridge ? 

Ans. I remember them, and they are correctly described, so far 
as I recollect. The one described as an iron plate, mounted upon 
a sounding box, had also an electro-magnet. 

Int. 15. First, as regards the use of the several forms of animal 
tissue receiver and the paper drum receiver, as used in Chicago 
with the assistance of Mr. Goodridge, before you went abroad in 
August, 1874; is Mr. Goodridge’s account of such use of the in- 
struments correct ? 

Ans. It is. 

Int. 16. Mr. Goodridge also describes the use in Chicago, before 
you and he went abroad, of the first single tone transmitter in a 
closed circuit, and with the magnet receiver, consisting of the hol- 
low tin box, placed on or near the poles of the magnet ; his descrip- 
tion being contained in his twenty-ninth to thirty-third answers. 
This use, he says, was at the works of the Western Electric Manu- 
facturing Company. Do you remember the use referred to ? 

Ans. Ido. I cannot give the time as to the month; it was be- 
fore going abroad, however. 

Int. 17. Does Mr. Goodridge describe the place and conditions 
and results of that demonstration correctly ? 

Ans. Yes, sir. 

Int. 18. In his thirty-fifth and thirty-sixth answers Mr. Good- 
ridge describes the use at the works of the Western Electric Manu- 
facturing Company before you went to Europe, of the concave 
metallic diaphragm receiver with its first single tone transmitters 
working over a closed cireuit. Do you remember such a use before 
you went abroad in 1874? 

Ans. Ido. Iam not sure whether it was with the first single 
tone transmitter, or one which they subsequently made like it. 

Int. 19. State, if you know, who witnessed this use and who was 
at the receiving end and who at the transmitting end ? 

Ans. I cannot tell definitely who, beside myself and Mr. Good- 
ridge, were present. I was at the receiving end, Mr. Goodridge at 
the transmitting end a portion of the time. The order was reversed 
at times, to give Mr. Goodridge chance to observe the results at 
the receiving end. The experiments were openly conducted, and 
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a number of persons might have witnessed them. I am very sure 
that Mr. E. M. Barton, Mr. M. G. Kellogg, and, I think, Mr. Earnest 
Warner were present at some of those experiments. 

Int. 20. Mr. Goodridge has described, in his testimony, two 
multiple transmitting instruments 


a single octave and a double 
octave—as made for you in Chicago, in 1874, before you went 
abroad, and used in connection with the resonant box magnet re- 
ceiver and the concave metallic diaphragm magnet receiver, with 
the closed circuit, at Chicago, before you went abroad. Is the de- 
scription given by Mr. Goodridge, of the manner in which these 
trrnsmitters were constructed and the manner they were used in 
connection with the receivers mentioned, correct ? 

Ans. It is. 

Int. 21. Mr. Goodridge refers, in his deposition, to an exhibition 
made in July, 1874, of the two octave transmitter with a resonant 
box receiver and the concave metallic diaphragm receiver, in Chi- 
eago, between the office of General Stager, Superintendent of the 
Western Union Telegraph Company, and the works of the Western 
Electric Manufacturing Company, the two stations being about 
three-quarters of a mile apart, the receiver being at General Stager’s 
office and the transmitter at the other end. Mr. Goodridge was, he 
says, at the transmitting end on this occasion. Do you remember 
the trial referred to ; if so, what did you have to do with it, if any- 
thing? 

Ans. I distinctly remember the trial, and I conducted the exhi- 
bition at the receiving end. We used the concave metallic dia- 
phragm receiver, but I am not sure as to the use of the resonant 
box on this occasion. 

Int. 22. State the character of this exhibition, whether public or 
private ; and by how many persons was it witnessed, so far as vou 
know ? 

Ans. It was public, in the sense that any one was privileged to 
witness it; and during the exhibition several persons from outside 
were invited in, besides a number of the employees about the build- 
ing. 

Int. 23. Please state the character of the results obtained upon 
that trial as to loudness and distinctness of tones heard, and other- 
wise ? 

Ans. The results were satisfactory in every respect. A number 
of tunes were transmitted which could be heard and recognized in 
any part of the room without the least difficulty. 
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Int. 24. I understood you to say that you were not sure that the 
resonant box magnet receiver was used on that occasion. Do you 
remember any occasion on which it was used for the purpose of ex- 
hibition with the key-board transmitter, whether single or double 
octave, and in a closed circuit as before, in Chicago, before you 
went abroad, in 1874 ? 

Ans. It was used a number of times in connection with the key- 
board transmitter on our experimental wire at the shop. 

Int. 25. Did you, before going abroad in August, 1874, take from 
Chicago to the City of New York any af the instruments mentioned 
by Mr. Goodridge, for the transmission of musical tones, and ex- 
hibit there such instruments and their operation ? 

Ans. I did. 

Int. 26. What instrument did you take and exhibit there? 

Ans. The single octave transmitter, the resonant box magnet 
receiver, the original violin animal tissue receiver and the paper 
rum receiver ; that is all I remember. 

Int. 27. What time in 1874 was this ? | 

Ans. It was in the early part of May that I first exhibited them 
in New York; the exhibition cxtended through ten days or two 
weeks. 

Int. 28. Had your concave metallic receiver been made at this 
time ? 

Ans. No, sir. 

Int. 29. In what place or places in New York did you give the 
exhibition you speak of ? 

Ans. First, at the office of the Gold and Stock Telegraph Com- 
pany, 61 Broadway ; secondly, at what was then the Western Union 
Telegraph Building, 145 Broadway. 

Int. 30. Please describe the manner in which these exhibitions 
were conducted, as to the distance apart of the transmitting and 
receiving stations, and other conditions bearing upon the question 
of the capacity of the instruments for distinct transmission of 
musical tones ? 

Ans. Ordinarily the exhibitions were conducted between two 
rooms in different parts of the building or buildings by a wire con- 
necting one with the other. The rooms were so situated with refer- 
ence to each other that the noise of the transmitters could not be 
heard at the receiving end, except upon the receiving instrument 
connected in circuit. On two or three occasions, or perhaps more, 
we made a long line by means of looping two wires together in a 
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distant city, which gave us the two terminals in the same building. 
The results were satisfactory under all the conditions mentioned, 
in the matter of clearness and loudness of tone at the receiving 


end. 

Int. 31. Please describe a little more fully what you refer to as 
making a long line by means of looping two wires together in an'y 
distant city ? 

Ans. In one instance we used two wires to Boston, connected in 
the following manner: starting from the ground in New York, one 
wire passed first through the transmitting instrument, and from 
thence to Boston, when it was disconnected from the ground and 
connected to the end of another wire (also disconnected from the 
sround in Boston), which ran back to New York, fastened through 
the receiving instrument and from thence to the ground, making a 

length of line double the distance from New York to Boston. 

Int. 32. In working with the looped line around Boston, in what 
building in New York were the two terminals, and in what parts of 
that building respectively ? 

Ans. In the Western Union building before mentioned, 145 


7 Broadway. One terminal was in the room with the transmitter, the | 
other in the room with the receiver, the two rooms being those pre- 
viously mentioned in my thirtieth answer. i 


Int. 33. I have understood from your answers that this demon- 
stration with the looped line around Boston, or another distant 
city, took place in May, 1874; was it so? 

Ans. It was. 

Int. 34. Were the instruments connected up and worked in a | 
constantly closed circuit, in the exhibitions which took place in New 
York in May, 1874? 

Ans. They were worked there as everywhere. As Mr. Good- 
ridge explained, the transmitter was made on the plan of what is 
called the single tone transmitter. For convenience of operation, 
when the keys were up the line was opened, but when any key was | 
depressed, the running of the circuits during the continuance of the | 


transmission of any tone was precisely the same as shown in the 
exhibit marked ‘“ Gray’s Closed Circuit, Single Tone Transmission 


Apparatus,” so that the actual operation during the transmission 
was the same in both instruments. 

Int. 35. Referring particularly to the use (in these New York 
exhibitions) of the resonant box magnet receiver, state whether it 


die. 
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was used resting upon the poles of the magnet, or slightly removed “ 
from them, or in both ways ? 

Ans. It was used in both ways. 

Int. 386. When slightly removed from the magnet poles, was it 
supported in that position in the same way that Mr. Goodridge de- 
scribed, as to its use In that manner in Chicago ? 

Ans. It was. 

Int. 37. Was there any difference in the loudness or distinctness 
or quality of the received tone, according as the resonant box re- 
ceiver was resting upon the poles or slightly removed from them ? 
If so, state ? 

Ans. Ordinarily there was a difference in favor of shightly removing 
the resonant box either from one or both poles. I will state further, 
that the difference was very slight in some positions of centact, as 
to the matter of loudness and quality. For instance, if the box 
were slightly tipped, as was a common way of using it, so that the 
bearing was on the edge of the poles, the result would ordinarily 
be better as to loudness than when flat upon the poles. This, how- 
ever, was not always true, for I could get the same good results by 
simply turning the box around on the face of the poles. I have 
always supposed this to be due to the fact that the face of the box 
in contact with the poles was not perfectly even, although such 
unevenness could not be detected by the naked eye. 

Int. 38. Will you name such persons as you can who witnessed 
the exhibitions in New York which you have described ? 

Ans. Of those now living I will name, at 61 Broadway, I remem- 
ber Mr. Applebaugh, Mr. Scott, now Superintendent of the Gold 
and Stock Telegraph Company, Mr. R. Henry, Mr. Wiley, and many 
others. At 145 Broadway, General Thomas T. Eckert, Mr. Chand- 
ler, Superintendent of the Atlantic and Pacific Telegraph Company ; 
Mr. 8S. Brown, District Superintendent of the Western Union Tele- 
graph Company; A. 8S. Downer, Manager of the Operating Room 
Western Union Telegraph Company ; G. M. Phelps, Superintendent 
of the Western Union Telegraph Company’s shops ; Mr. Phelps, Jr., 
of the same shop. Most of the Directors and the Executive Com- 
mittee of the Western Union Company were present at one of the 
exhibitions, in a body, and many others. 

Int. 39. Did you make similar exhibitions with the same appa- 


-ratus in other cities than New York, before youreturned to Chicago, 


that spring ? 
Ans. I did. I exhibited in Washington City, in presence of 
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Prof. Henry, at the Smithsonian Institute, on two or three occas- 
ions. At one-of these, Prof. Warson, of Ann Arbor, Prof. Hall, of 
the Naval Observatory, Washington, and others were present. I 
also exhibited between two rooms in a building on the corner of 
Fourteenth street and Pennsylvania avenue, then occupied by the 
Western Union Telegraph Company. There were present at these 
exhibitions a number of persons at different times, among whom was 
Mr. Elliot, the Chief Clerk of the Treasury Department Bureau of 
Statistics ; Mr. A. L. Hayes was present. These are all the names 
I can recall now. 

Int. 40. You have read Mr. Goodridge’s description of the in- 
struments which were carried abroad by you and him in August, 
1874, and sent back to this country in the following October, and of 
the places in which, the manner in which and the persons to whom 
they were exhibited while in England. Is his description correct ? 

Ans. Correct. I will add that Mr. Goodridge was chiefly at the 
transmitting end, and could not swear to all that I could. 

Int. 41. Were all the receivers which were carried out exhibited 
at one time or other in circuit with the multiple transmitter during 
your stay in England ? 

Ans. ‘They were. 

Ins. 42. It appears, by Mr. Goodridge’s deposition, that the ap- 
paratus which was taken out to England by you was sent back to 
this country through the Custom House, and there detained for some 
reason, so that they did not come into his possession again until 
the fall of 1875. Will you explain the reason of this detention in the 
Custom House, so far as you could ascertain, and also all the efforts 
you made to get the apparatus out of the Custom House sooner than 
you succeeded in doing ? 

Ans. The instruments taken abroad were for a particular pur- 
pose, and not designed to be left there ; and it was expected that 
they would be returned free of duty. When we sailed for this 
country in October, 1874, the instruments were left in charge of 
Warden, Muirhead & Clark, to be shipped to us at New York. I 
was not familiar with the 1ules of the Custom House in the matter 
of shipping goods from a foreign port to this country, and so left the 
matter with the before mentioned gentlemen, who were constantly 
shipping and were supposed to know all about it. After landing in 
New York I waited ‘three or four weeks for the arrival of the instru- 
ments, as I was very anxious to make some exhibitions before going 
West. After waiting a long time—I do not now remember just how 
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long—I was notified by Morris & Co., foreign express agents, of the 
arrival of the goods. I went to procure them, but could not get 
them released from the Custom House, because no invoice had been 
sent. Iwas obliged to write to Warden, Muirhead & Clark to ob- 
tain the invoice ; but not having the goods, they did not know how 
to make it out. And when, finally, I obtained either the invoice or 
shipping receipt, I cannot tell which, it did not have the proper 
consular’s certificate attached. This was followed by considerable 
correspondence, both with the express agents and the shippers, and 
others, trying to find out what to do and how to doit. I went toa 
Custom House agent to have him look the matter up and offered to 
pay the duty ; but for some reason I was unable to get the appa- 
ratus. I employed two different parties ; finally got a friend of 
mine to see the Superintendent of the Custom House, and find out 
what the trouble was. He did not succeed; neither could he tell 
me how to proceed to get the goods. The result was, that after a 
lapse of time—about a year, I think—they were sold for duties 
I suppose, and I bought them of the party who bid them in at the 
sale. 


Adjourned to April 3, at 10.30 A. M. 


10.30 A. M. 


Int. 43. You have read Mr. Goodridge’s testimony as to transac- 


New York, April 3, 1879, 


tions after you and he returned from Europe, including apparatus 
made for you and the use of the same, and the manner and results 
of such use. Do you confirm his testimony as true as far as it states 
matters with which you were connected ? Pointing out what mat- 
ters, if any, stated by him were not within your personal knowl- 
edge ? 

Ans. I do, with the following qualifications: Mr. Goodridge 
states, in answer to the sixty-fourth question of his direct examina- 
tion, that there were two resonant box magnet receivers made. My 
recollection as to the disposal of that (that is, the two referred to 
by him) coincides with his, but I remember that we used one in 
Chicago on numerous occasions between the middle of June and 
the middle of July, 1874. That would seem to account for three. 
In the experiment referred to by Mr. Goodridge, in answer to the 
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seventy-ninth direct question, I was at the receiving end, at Mil- 
waukee, and Mr. Goodridge at the transmitting. In regard to the 
apparatus and its use mentioned in the eighty-ninth answer, the 
first use that I distinctly remember was in September, 1875. I re- 
member such use was made at an earlier date and at different times, 
but I cannot exactly locate any experiment. The experiment men- 
tioned by Mr. Goodridge in his ninty-ninth answer I did not per- 
sonally witness. I did witness similar experiments at a subsequent 
time. In regard to,the experiments mentioned by Mr. Goodridge as 
conducted under the direction of Mr. Edward S. Renwick, I was 
there only a part of the time. I witnessed some of the experiments 
made with my different receivers, particularlly the resonant box 
magnet receiver. 

Int. 44. I will call your attention particularly to the trial which 
Mr. Goodridge mentions as having been made upon a telegraph 
line between Chicago and Milwaukee, near the middle of February, 
1875, in which trial you were at the receiving station. State what 
receiver or receivers were used upon that trial ? 

Ans. I used the receiver called the “ Diaphragm box magnet 
receiver. 

Int. 45. Can you name any persons who witnessed this trial at 
the receiving station? And state whether it was a private or a 
public exhibition, and state the character of the results obtained ? 

Ans. Mr. C. H. Haskins, superintendent Northwestern Telegraph 
Company; Mr. Weller, manager of the Western Union Telegraph 
Company at Milwaukee ; Mr. Kelsey, chiet operator Northwestern 
Telegraph Company; Mr. Shape, chief operator Western Union 
Telegraph Company, Milwaukee; anda number of others were 
present. The exhibition was in Mr. Hasken’s office and was open 
to anyone. The design of this particular experiment was to test 
the ability of the tones to travel over along line. The result of the 
experiment was satisfactory, and we were able to receive messages 
by means of the before mentioned diaphragm box magnet receiver, 
which received musical tones instead of the ordinary Morse dot and 
dash; the duration of and intervals between the musical tones 
corresponding to the arbitrary signs of the well known Morse 
alphabet. 

Int. 46. When did you first see the instrument sometimes called 
the ‘* Lover’s Telegraph,” and where? And state by what name it 
was then called. I refer to the instrument which was deseribed as 


the “* Lover's Telegraph “an Mr. Goodridge’s deposition ? 
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Ans. In November or December, 1875, at Milwaukee; I do not 
remember any name given it at that time; [remember the descrip- 
tion of it as first given to me by Messrs. Goodridge & Haskins, as 
both were present when it was described, and a few days later I 
Saw it. 

Int. 47. Will you now state what, if anything, you had observed 
in your uses of different tone transmitters, in 1874 or 1875, which 
showed to you the capacity of your resonant box receiver or dia- 
phragm box magnet receiver, or concave metallic diaphragm re- 
ceiver, to receive and reproduce to the ear the quality as well as the 
pitch and loudness of the transmited tone. 

Ans. The first experiment I remember which attracted my at- 
tention particularly to the fact that the quality as well as the pitch 
and loudness could be transmitted electrically through a telegraphic 
circuit and received upon a common or universal ‘receiver, was in 
the latter part of January or the fore part of February, 1874. I re- 
fer now to what is known as the ‘“ bath-tub experiment.” I was 
then using an ordinary induction coil; having a vibrating electro- 
tome, and I was receiving the vibrations transmitted through the 
secondary circuit througn my body, the other pole of the coil being 
connected with the zine lining of the bath tub, which was dry at 
the time. When I rubbed the tub lning with my fingers or the 
palm of my hand, the noise made by the vibrator was faithfully re- 
produced at the point of contact, as I was near enough to the trans- 
mitting instrument to hear it, and was thus able to make a com- 
parison. I made numerous changes in the adjustment of the elec- 
trotome, getting a great range of vibratory effects, producing sounds 
(not very musical ones) of great variety of quality. The fact that 
these were all faithfully reproduced demonstrated to me at that 
time that quality as well as pitch could be transmitted electrically. 
I observed the same thing in all my later experiments during the 
years 1874 and 1875. 

I will refer now to an experiment made in 1875 with the trans- 
mitter marked ‘‘ Gray’s Mechanical Transmitter,” in connection with 
one or more of the common receivers or their duplicates that had 
been described by Mr. Goodridge. When the transmitter referred 
to had one of its vibrating great points placed in cireuit in which 
was the battery and the common or universal receiver, and the 
shaft which actuated the break point was revolved steadily, there 
was a sound of a peculiar quality reproduced at the receiving end 
on the common receiver. This quality was greatly varied by grad- 
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uating the pressure, either by the finger or by a rubber spring upon 
the lever carrying the break point, so that by proper manipulation 
with reference to pressure, we obtained a great variety of sounds 
on the receiver, not unlike the human voice, imitations of vocal 
sounds, and also imitations of a groan as if in distress, were very 
perfectly and reproduced. It was our custom in all such experi- 
ments to use the different varieties of receivers, to notice the dif- 
ferent effects produced on each. I cannot recall clearly whether 
all were used at that time or not; but [remember that more than 
one form, among which was the wooden sounding box receiver and 
the resonant box magnet receiver. 

Int. 48. Mr. Goodridge, in his one hundred and sixty-eight 
answer, spoke of this observed operation of the mechanical trans- 
mitter as leading to or confirming the belief that the receiving in- 
struments you were using for musical tones could be also used for 
the human voice ; what was your own judgment at that time upon 
that subject ? 

Ans. This experiment with the mechanical transmitter confirmed 
what my previous experiment had led me to believe that not only 
could the receivers that had been named be used as receivers of 
articulate speech transmitted electrically, but that such speech 
could be transmitted through or from a single point. I mean by 
single point, without the intervention of a series of reeds of points 
differently tuned, and one that would be a common or universal 
transmitter, in the same sense that the receivers were universal or 
common. 

Int. 49. Will you state how the knowledge which you got late in 
1875 of the so called ‘‘ Lover’s Telegraph,” aided in the production 
of the invention of a speaking telephone, such as is described and 
represented in your caveat filed February 15, 1876 ? 

Ans. The fact that all the vibrations, however complex or dif- 
ferent in form, that are produced in uttering any given word or 
sound, were transmitted longitudinally through a fine thread sus- 
pended from the center of a diaphragm capable of responding to all 
the aerial vibrations made by the uttering of a word or sound, and 
connected to a similar diaphragm at the other end of the thread, 
which might be from one to two hundred feet in length, proved to 
my mind that all the conditions necessary for the transmission of 
an articulate word were contained in any single vibrating point 
capable of responding, as before stated. I saw that if I could 
reproduce electrically the same motions that were made mechanic- 
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ally at the centre of the diaphragm by speaking upon it, such 
electrical vibrations would be reproduced upon a common receiver 
in the same manner that musical tones were; and from the fact 
that the electrical vibrations were the same in respect to rate, 
amplitude and form or complexity, as the motions made in the 
air by uttering words or sounds, it followed that the receiving 
diaphragm would be thrown into mechanical vibrations or motion 
of a corresponding character, and consequently reproduced the 
same word or sound. The fact that the longitudinal movement 
(in water or other fluid of poor conducting character) of a wire 
or some good conductor of electricity, with reference to another 
wire or metal conductor, produced variations in the resistance of 
an electric circuit proportional to the amplitude of movement, was 
old in the art of that time; so that the last link of knowledge 
necessary to solve the problem in my mind was furnished in the 
capabilities of the longitudinal vibrations of the string of the be- 
fore-mentioned so-called Lover’s Telegraph. 

Int. 50. At the time of your filing your caveat, February 14, 
1876, had you ever seen or heard of any apparatus for the tele- 
phonic transmission of articulate speech other than that which 
you described and represented in that caveat ? 

Ans. I had _ not. 

Int. 51. When did you first have knowledge of Professor Bell’s 
invention of a telephone or apparatus for telegraphic transmission 
of articulate speech ? 

Ans. I think the first knowledge that I obtained was from a 
lecture delivered by Professor Bell in Boston some time. in the 
spring of 1876. A printed copy of that lecture was sent me by 
some one, and I am not now sure whether I received that copy 
before Professor Bell’s exhibition at the Centennial or not. If 
not, the first I knew of it was at the Centennial or about that 
time. 

Int. 52. Was the instrument described in that lecture the same 
as that which Professor Bell exhibited at the Centennial ? 

Ans. There were no drawings accompanying that lecture, as I 
remember it, and I do not think I had an intelligent understanding 
of the apparatus until I saw it at the Centennial Exhibition. 

Int. 53. Will you deseribe the apparatus which you saw at the 
Centennial Exhibition ? | 

Ans. The transmitting portion of the apparatus that I saw con- 
sisted of a vocalizing chamber very similar in form to the chamber 
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of the receiver shown in my caveat. Across the large end of the 
chamber was stretched a membranous diaphragm. Upon _ the 
center of this diaphragm was glued a thin plate of iron or steel, I 
should think about three-eights of an inch wide and from an inch 
and a half to two inches long. In front of this armature or plate 
was mounted, in a frame connecting with the vocalizing chamber, 
an electro-magnet having a fixed relation to the armature or plate, 
but not touching it. The receiver, as I recollect it, was made of a 
single bobbin or helix having an iron core in the centre and an iron 
tube on the outside, which was closed at one end, having the iron 
core fixed in the centre projecting up through the helix. A small 
circular plate of iron or steel was placed upon the other end, 
so that its edges rested upon the outer cylinder or tube of iron, 
while its centre was over the central core, and, I. think, not in con- 
tact. About the latter Iam not sure. J understood from Professor 
Bell’s description that the two instruments were connected in cir- 
cuit, in which a battery was included, in the same manner that any 
two ordinary telegraphic instruments would be connected in circuit. 
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This was the arrangement as to instruments and connections, to the 
best of my recollection at this date. 

Int. 54. When I asked you as to your first knowledge of Profes- 
sor Bell’s invention of the tele phone I had reference to an actual 
working apparatus. Did you understand me ? 

Ans. Not exactly. I thought you wanted to know when I first 
heard of anything that he had done in that line. 

Int. 55. I suppose you knew some time earlier than that of what 
was contained in the specification and drawings of his patent of 
March 7, 1876 ? 

Ans. I did. 

Int. 56. Was this apparatus which you saw at the Centennial 
the first one yon ever saw in which an induction diaphragm was 
used in combination with an electro-inagnet as a telephone trans- 
mitter ? 

Ans. It was. 

Int. 57. Was such combination for the purpose of a telephone 
transmitter new with Professor Bell, so far as you know? 

Ans. It was, so far as I know. 

Int. 58. Please state which of the various receivers which have 
been testified to as used by you in 1874 and 1875 was best adapted 
for receiving and giving out audibly tones of the human voice? 

Ans. The concave metallic diaphragm magnet receiver was per- 
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haps in some respects the best; but there is very little difference 
between that and the diaphragm box magnet receiver, and also the 
resonant box magnet receiver. 

Int. 59. Please state how you were occupied in the year 1876, 
and down to October, 1877, stating what, if any, experiments or 1n- 
vestigations you made during that time relating to telephones, as 
distinguished from telegraphic apparatus proper, and so far as you 
did not, explain why not ? 

Ans. About the 15th January, 1876, I went to Washington for 
the purpose of preparing and filing in the Patent Office a number 
of cases relating to telephony that had been accumulating through a 
number of months. I remained there till about the first of March. 
From thence I went to Philadelphia, partly to prepare for the Cen- 
tennial Exhibition and partly for the purpose of exhibiting my appa- 
ratus relating to multiple telegraphy to parties who were proposing 
to invest in it. [remained there during the spring months, but was 
called home early in June on account of sickness in my family. I 
returned a few days previous to the exhibition given by myself and 
Professor Bell at the Centennial on the same day. I was engaged 
from the time till after the 4th of July with my exhibit at the Cen- 
tennial. During this period Mr. Goodridge constructed, undermy 
supervision, a transmitter, such as shown in my caveat of February 
14, 1876. Not having any of my universal receivers there, except 
the wooden sounding box receiver, we did not have an opportunity 
to test it at that time. Early in July, I think before the 10th, I 
was sent to New York, or rather I went to New York at the request 
of Dr. White, who had a large pecuniary interest in my telegraphic 
inventions, for the purpose of equipping a wire between New York 
and Philadelphia with my multiple telegraph apparatus. A few 
days after my arrival in New York I was taken sick with what was 
supposed to be sunstroke. I was sick and unable to attend to my 
business, but very little of the time untillate in the fall, at which 
time we completed our demonstration between New York and Phil- 
adelphia. After this, at the request of Mr. Orton, then president 
of the Western Union Telegraph Company, and Dr. White, I pro- 
ceeded to demonstrate the capacity of my system for working longer 
lines, and to that end went to Buffalo, spending some time there ; 
after which I went to Chicago. All of the winter of 1876-7 I spent 
in this work, and during the spring and summer of 1877 was en- 
gaged in equipping different wires of the Western Union Telegraph 
Company, and demonstrating its capacity to work in connection 
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with the ordinary Morse system. I wasso engaged up to the fall of 
1877. 

Int. 60. Will you explain why your sounding box receiver was 
not adapted for a test of your caveat telephone transmitter ? 

Ans. It isa peculiarity of that receiver and receivers of that 
class that while they will reproduce a tone or sound transmitted 
with a considerable degree of force (as by the use of a strong bat- 
tery) with much greater loudness and clearness than by a receiver 
such as the concave diaphragm or resonant box receiver, they are 
not so good for receiving tones or sounds transmitted with a weak 
force, such as if transmitted by an ordinary speaking telephone. 


Adjourned to April 4, 1879, at 10.30 A. M. 


New York, April 4, 1879, 10.30 A. M. 


CROSS-EXAMINATION BY CHAUNCEY SMITH, EsqQ., OF COUNSEL FOR CoM- 
PLAINANTS : 


Cross-Int. 61. In your answer to the fifth interrogatory you say 
that the American Company’s manufacture of telephones is con- 
ducted under license from owners of your patents put in evidence 
in this case, so far as such patents are applicable to telephones, who 
is the owner of the patents referred to? 

Ans. The Harmonic Telegraph Company. 

Cross-Int. 62. When was that license given ? 

Ans. At the date of the organization of the American Speaking 
Telephone Company, about the 6th December, 1877. 

Cross-Int. 63. Was that license in writing ? 

Ans. I ealled it a icense. We made a written contract, as I rec- 
ollect it, the effect of which was to convey to the American Speak- 
ing ‘Telephone Company the privilege of using anything that oc- 
curred in any of my patents relating to speaking telephones. I do 
not know just what the document would be termed in law. I will 
further explain that there were three parties to the agreement, the 
other party being the Gold and Stock Telegraph Company, who 
were made the agents of the American Speaking Telephone Com- 
pany. 

Cross-Int. 64. The agents to do what? 

Ans. To manufacture speaking telephones and place them upon 
the market. 
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Cross-Int. 65. Did the agreement make any provision in respect 
as to who should bear the expenses of any litigation which might 
arise in the course of the business of either company in relation to 
speaking telephones ? 

Ans. It provided that such expenses should be advanced by the 
Gold and Stock Telegraph Company and reimbursed to them out of 
the proceeds of the telephone business. 

Jross-Int. 66. Did the contract make any provision that the 
Gold and Stock Company should be the owners of any of the capi- 
tal stock of the American Speaking Telephone Company; if so, 
what proportion ? 

Ans. Yes, two-thirds. 

Cross-Int. 67. Who was to own the other third ? 

Ans. The Harmonic Telegraph Company. 

Cross-Int. 68. When was the Harmonic Telegraph Company or- 
ganized ? 

Ans. May 26, 1876. | 

Cross-Int. 69. Between the time when the Harmonic Telegraph 
Company was organized and the time of the organization of the 
American Speaking Telephone Company, were you a stockholder 
and officer in the former company ? 

Ans. I was. | 

Cross-Int. 70.°Can you state when the negotiations commenced 
between the Harmonic Telegraph Company and the Gold and Stock 
Telegraph Company, or any parties interested therein, which re- 
sulted in the contract to which you have referred ? 

Ans. I cannot state definitely at present. It was some time dur- 
ing the fall preceding the organization of the American Speaking 
Telephone Company. 

Cross-Int. 71. Did you personally take part in the negotia- 
tions? 

Ans. I did. I mean by that I was present at a number of inter- 
views during the pendency of the negotiations. 

Cross-Int. 72. Do you remember who else was present, either as 
representing your own company or the Gold and Stock Company ? 

-Ans. At some of these interviews Dr. Samuel 8. White, of Phila- 
delphia, and E. W. Andrews, of New York, who were representa- 
tives of the Harmonic Telegraph Company; Mr. William Orton, Mr. 
George Walker, Dr. Norvin Green, Mr. Banker—I have forgotten 
his initials—Mr. Tracy RK. Edson and Mr. George B. Prescott were 
present. These are all that I call to mind at this moment, and I do 
not know that they were all present at any one time. 
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Cross-Int. 73. Mr. Orton and the persons named after him were 
there on behalf of the Gold and Stock Telegraph Company, were 
they not ? 

Ans. That was my understanding. 

Cross-Int. 74. Did you understand that any of them were offi- 
cers of the company, and if so, what offices did they hold ? 

Ans. I understood that Mr. Orton was president of the Gold 
and Stock, Messrs. Walker and Prescott vice-presidents ; and the 
other gentlemen named, I think, were members of the executive 
committee or directors in the same company. 

Cross-Int. 75. Where did the interviews take place at which you 
were present ? | 

Ans. Generally in the Western Union Building, New York, and 
I think, most frequently, in Mr. Walker's room. 

Cross-Int. 76. Mr. Orton was president of the Western Union, 
was he not, at that time ? 

Ans. He was. 

Cross-Int. 77. Did you understand that the other gentlemen rep- 
resenting the Gold and Stock Telegraph Company were any or all 
of them officers in the Western Union Telegraph Company ? 

Ans. Some of them were, but not all. 

Cross-Int. 78. Will you name those that were officers and the 
offices they held? 

Ans. Norvin Green was vice-president of the Western Union ; 
Mr. Banker, I think, was a director, but I am not sure that he was 
at that time; Mr. George B. Prescott was an electrician. The other 
ntlemen had no connection with the company, to my knowledge. 

Cross-Int. 79. What business was the Harmonic Telegraph Com- 
pany organized to carry on? 

Ans. It was organized to exploit, in whatever way seemed most 
feasible, my inventions and patents relating to the general subject 
of telephony. I mean by telephony any invention in which the 
transmission, electiically, of musical tones or sounds was em- 
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ployed. 

Cross-Int. 80. What was the significance of the word ‘“ harmo- 
nic,” in the name of that company ? 

Ans. As the question is put, I don’t quite understand it. 

Cross-Int. 81. Do you know whether or not the term was used 
as indicating the nature of the business which was to be transacted 
or the inventions which it was to exploit ? 

Ans. I think the name was suggested by the fact that in some 
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of my inventions and patents, which were to be owned by the com- 
pany, a means was shown for transmitting harmony. 

Cross-Int. 82. Will you state what the Harmonic Company did 
from the time of its formation down to the time of the contract 
which you have referred to, in exploiting your inventions ? 

Ans. In answer to question 59, in my direct examination, I have 
given a general account of my own work from the 15th of January, 
1876, till the fall of 1877. I was then in the employ and under the 
direction of the Harmonic Telegraph Company. Others besides 
myself were also employed by the same company—at least one dur- 
ing all of this time—others during a portion of the time. 

Cross-Int. 85. Several patents of yours have been put in evi- 
dence which have reference to telegraphing by means of sounds, 
broken up into long and short periods, corresponding to the dots 
and dashes of the Morse alphabet; do these inventions and the in- 
struments described in the patents, come properly within the mean- 
ing of the term telephones, or telephonic instruments or inventions, 
as the terms have been generally understood for a number of years 


| past. 


Ans. I have always understood that any instrument or appara- 
tus capable of transiuitting sound to a distance was properly 
called by the name telephone, whether this instrument be electrical 
or electro-mechanical or mechanical only ; and I will add, that my 
first inventions relating to the transmissions of musical tones elec- 
trically I called telephones. 

Cross-Int. 84. In the various transmitting instruments described 
in your several patents, and in the several transmitting instruments 
which have been produced here in evidence, in which a vibrating 
reed is employed, do such reeds form a part of an electric cireuit 
which is broken by the vibration of the reeds ? 

Ans. All the patents showing vibrating reeds, and the several in- 
struments put in evidence having vibrating reeds, such reeds do, in 
one sense, break an electric circuit, and, in the same sense, form a 
part of an electric circuit. 

‘Cross-Int. 85. What do you mean by saying 
not the reeds, in fact, form part of an electric cireuit through which 


éé 


in one sense ’’—do 


a current passes a portion of the time ? 

Ans. In some eases the vibrating reed serves simply to divert a 
portion of the electric current (produced by a given number of cells 
of galvanic battery) from the main line, through a short or shunt 
circuit in which the vibrating reed is placed. In this case the reed 
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does not open the main circuit, neither does it divert the whole of 
the battery from it, but it does make and break the before men- 
tioned short or shunt circuit. 

Cross-Int. 86. I did not ask you anything about the main cir- 
euit ; I want to know if, in those instruments, the reed itself forms 
a part of the circuit through which at times a current flows ? 

Ans. It does. 

Cross-Int. 87. Is not that portion of the circuit of which the 
reed forms a part broken by the vibration of the reed ? 

Ans. It is. 

Cross-Int. 88. In its normal state, when the reed is at rest, and 
no current flowing through the circuit of which it forms a part, the 
circuit at those parts connected with the reed or in contact with the 
reed is closed, is it not ? 

Ans. It is closed. 

Cross-Int. 89. Now, starting with that condition of things, if a 
current is allowed to pass through a circuit in which the reed is 
placed, it sets the reed in motion, does it not ? 

Ans. Not necessarily. 

Cross-Int. 90. Is not that what it does in the practical operation 
of the instruments described in the patents, and in the transmitting 
instruments referred to, which have been produced in evidence ? 

Ans. That is the case with, I think, all the instruments produced 
in evidence, but not in the case in some of the patents put in 
evidence. 

Cross-Int. 91. In which one of the patents showing a vibrating 
reed forming a portion of a circuit is this not the case when the 
instrument is used in the manner it is designed to be used ? 


Adjourned to April 5, 1879, at 10.30 A.M. 


New York, April 5, 1879, 10.30 A.M. 


Ans. In my patents, numbered respectively 186,340, dated Jan- 
uary 16, 1877 ; 179,549, dated July 4,1876 ; 205,378, dated June 25, 
1878, reference 1s made to a transmitter describing in my patent 
No. 165,728, granted July 20,1875. In this transmitter the reed 
forms a common track for two circuits through a part of their length. 
One circuit connecting with the reed branches off on the right hand 
break-point is represented in the figure, passing directly to the 
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other pole of the battery, without passing through any electro-mag- 
net; the other circuit connects with the reed, passing off at the left 
hand break-point through the magnets of the instruments, complet- 
ing a circuit through a local battery. When used in the systems 
shown in the above-named patents, the closing of one circuit would 
not vibrate the reed, while, closing the other with the battery, it 
would vibrate the reed. 

Cross-Int. 92. Then, if I understand you, whenever the reed, 
being in a state of rest, is set in motion,it is set in motion by a cur- 
rent which passes through it ? 

Ans. It is. 

Cross-Int. 93. And in all these instruments having vibrating 
reeds, the movement of the reed breaks the circuit of which it forms 
a part, and interrupts the flow of the current. Is that so? 

Ans. That is so. 


Cross-Int. 94. Now, what effect does this temporary current pro-. 


duce in the receiving instrument, whatever it may be? I mean, of 
course, the receiving instruments which you have produced in evi- 
dence as being made in 1874 and 1875. 

Ans. I understand you to mean, by temporary current, that cur- 
rent which flows through the reed and its contact point at the mo- 
ment they are closed. The eftect of closing this circuit, when the 


transmitter is connected, as shown in the several patents referred to 


in my ninety-first answer, is to divert that portion of the battery 
which is included in this temporary circuit from the main line in 
which the receiver is placed, or a large portion of it, thus causing, 
at each vibration of the reed, an electrical impulse or wave to pass 
over the line, which acts upon the receiver in the same manner that 
a similar .mpulse obtained by any other mode would. 

Cross-Int. 95. Now, do not the vibrations of the reed of the 
transmitting instruments, if they are sufficiently rapid, produce, in 
addition to the electrical waves you have spoken of, sounds or sound 
waves in the atmosphere, which are given off into the space surround- 
ing the vibrating reed ? 

Ans. They do. 

Cross-Int. 96. I find in the caveat which has been put into evi- 
dence, filed by you in the Patent Office February 14, 1876, these 
statements, following a description of the apparatus shown 
in the drawings: “Owing to this construction, the resistance 
varies constantly in response to the vibrations of the dia- 
phragm, which, although irregular, not only in their amplitude but 
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in rapidity, are nevertheless transmitted, and can, consequently, be 
transmitted through a single rod, which could not be done with a 
positive make and break of the circuit employed, or where contact 
points are used. I contemplate, however, the use of a series of dia- 
phragms in a common vocalizing chamber, each diaphragm carrying 
an independent rod, and responding to a vibration of different ra- 
pidity and intensity, in which case contact points mounted on other 
diaphragms may be employed.” I find no representation in the 
drawing of the apparatus referred to in the last sentence of the quo- 
tation, if I understand them, and I am unable, from the description, 
to make out what this apparatus was to be. Will you please explain 
it, stating what things you intended to use, and how they were to 
be arranged, and what their operation would be ? 

Ans. The apparatus proposed in the sentence referring to a series 
of diaphragms, while it was not clearly defined in all its details in 
my mind at that time, I had this general idea. I have statedin the 
preceding sentence to the one under discussion in my caveat, in sub- 
stance, that articulate sounds could not be transmitted successfully 
where a positive make and break in the circuit was employed. In 
making this statement I had in mind one form of the Reis telephone 
with which I was familiar, which had a fixed point so adjusted in 
relation to a diaphragm that when the diaphragm was thrown into 
vibration by the voice, or other sound, it would make and break 
contact with this fixed point ; and if an electric current were passing 
through it, it would be interrupted. The idea I had in mind where 
I speak of the series of diaphragms, each carry an independent rod, 
&e., was not to have the rods or points to vibrate against another 
fixed point, but to have such points mounted in some manner that 
they would yield, as, for instance, on another diaphragm, or some- 
what after the manner shown in my patent No. 194,671, granted 
August 28,1877. This patent shows a diaphragm having a light 
lever hinge at one end, while the other rests upon the center of the 
diaphragm, which has glued upon it a small piece of platinum, mak- 
ing the electrical connection with the binding post. The operation 
of such an apparatus as last described, in contrast with the one 
described having a point with a fixed relation to the diaphragm, is 
very different. In the latter arrangement, when the diaphragm is 
thrown into vibration, it does not necessarily produce an actual break 
in the circuit. If the vibration is too powerful, it will; otherwise, 
it simply has the effect of varying the resistance, and the variation 
of resistance is proportional, within certain limits, to the amplitude 
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of vibration of the diaphragm. The idea of using a series of dia- 
phragms, differently stretched or tuned, I supposed at that time 
a theory which has 


would give the instrument a greater range 
since proved to be false. Although the instrument would operate 
if so constructed, but not so well as with a single point. 

Cross-Int. 97. Was the fact that the resistance to a current of 
electricity passing through two points in contact would vary with 
the pressure between those points and within certain limits in pro- 
portion to the pressure a well-known fact in electrical science at 
the time your caveat was filed ? 

Ans. It was well known to me as far back as 1867, and, I believe, 
it was old in the art at that time. 

Cross-Int. 98. Part of the exhibit embracing your caveat, Defend- 
ant’s Exhibit Gray’s Caveat, is a notice to caveator, dated February 
19, 1876, containing the following: ‘‘ You are hereby notified that 
application has been made to this office for letters patent for. tele- 
phonic telegraph, ete., with which the invention described in your 
caveat, filed on the fourteenth day of February, 1876, apparently 
interferes,” etc. The notice concludes as follows: “If you would 
avail yourself of your caveat, it will be necessary for you to file a 
complete application within three months from date; three days 
additional, however, being allowed for the transmission of this 
notice to your place of residence.” This notice is addressed: 
“Elisha Gray, care of W. D. Baldwin, present.” Did you, person- 
ally, see this notice, or know that it was sent at the time, or about 
the time ? 

Ans. I am quite sure I saw it. I certainly knew it was sent 
within a few days of the time. 

Cross-Int. 99. Did you know or understand whose application it 
was which is referred to-in the notice as interfering with the inven- 
tion described in your caveat ? 

Ans. At the time I received the notice I did not know. 

Cross-Int. 100. When did you first learn ? 

Ans. I do not know that I ever learned except from what I in- 
ferred from the official record in the case. 

Cross-Int. 101. What did you infer from the official records of 
the case, and when did you make that inference? 

Ans. I supposed it to be Professor Bell’s application from two 
or three facts. One was the correspondence with Pollok and Bailey, 
who were Professor Bell’s attorneys in another case or cases, relat- 


ing to the transmission of musical sounds. Another thing, which 
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led me to suppose such was the case, was the fact, that a few days 
after I was notified to complete my application, I received a letter 
through my attorney, Mr. Baldwin, notifying me that the notice to 
complete, previously sent me, was withdrawn. Shortly after this a 
patent was issued to Professor Bell which helped to confirm me in 
the idea I before had, that he was the interfering party. I wish to 
add that, as to the official correspondence referred to, I do not now 
recall at which time I first saw it; whether it was before the issue 
of Professor Bell’s patent of March 7, 1876, or after. 

Cross-Int. 102. Had there not been, for some considerable time, 
one or more interferences in the office between yourself and Pro- 
fessor Bell upon inventions relating to musical telephones, or the 
multiple transmission of messages by means of sounds representing 
the Morse characters ? 

Ans. There was an interference between myself and Professor 
Bell on applications filed by me on the 23d of February, 1875, and 
by Professor Bell on the 25th of February, 1875. IL think, perhaps, 
two previous applications of mine were also involved to some 
extent. 

Cross-Int. 103. When did you first see the specification of Mr. 

sell’s patent of March 7, 1876, to which, as I understand you, you 
have just referred ? 

Ans. I think it was during the same month of the issue of the 
patent. My recollection is that Mr. Baldwin sent me a copy to 
Philadelphia, where I was then stopping. 

Cross-Int. 104. You referred, in your direct examination (in your 
fifty-first answer), to a lecture of Professor Bell’s, a printed copy of 
which was sent to you by some one about the time of Professor 
Bell’s exhibition at the Centennial; will you look at the pamphlet I 
now hand you, and state whether or not it is the same lecture as 
that of which you received a printed copy ? 

Ans. It is the same, to the best of my recollection. 


Complainant’ counsel offer the pamphlet in evidence and 
the same is marked “ Complainants’ Exhibit 9, W. C. W.., 
Ex’r.” 

Defendant's counsel objects to the use by the complainants, 
in evidence, of the statements of Professor Bell made in the 
said pamphlet. 


Cross-Int. 105. In your answer to the fifty-third direct interroga- 
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tory you gave a description of certain apparatus of Professor Bell's 
which you saw at the Centennial. Who was present at the time 
you saw that apparatus ? 

Ans. There were a large number of people present, and of those 
I eall to mind at this moment I will name Professer Bell, the 
Emperor of Brazil, Sir William Thomson, Professor G. F. Barker, 
Professor James C. Watson, Professor Hillgard, Rudolph Koenig. 
Those are all I think of just now. 

Cross-Int. 106. Did you, at that time, see the apparatus tried 
which you deseribed in your direct examination? 

Ans. I did. 

Cross-Int. 107. What did you see done with it? 

Ans. I saw, at the receiving end, several persons holding the 
receiving instrument to their ears. At the transmitting end, I saw 
aman talking into the instrument, that I have described as the 
transmitter. 

Cross-Int. 108. Did you yourself try the receiving instrument to 
your ear ? 

Ans. I did. The Emperor had just been using the receiving 
instrument ; as he took it down from his ear and started away to the 
transmitting end, he caid: “To be or not to be.” From this I took 

, the clue as to what was being recited at the transmitting end. I 
listened intently for some moments, hearing a very faint, ghostly, 
ringing sort of a sound; but, finally, I thought I caught the words 
“Aye, there’s the rub.” I turned to the audience repeating these 
words, and they cheered. 

Cross-Int. 109. Was that the first time you had heard articulate 
speech transmitted over an electric circuit ? 

Ans. It was the nearest approximation to articulate speech that 
I had ever heard. 

Cross-Int. 110. It was the first time, was it not, that you had 
listened at a speaking telephone apparatus for the purpose of hear- 
ing what it would do? 

Ans. I made some experiments about the same time in the 
Exposition Building with a transmitter that I have referred to in 
{ my direct testimony ; but Iam unabie, at this time, to state whether 

: those experiments were conducted before or after Professor Bell's 
exhibition. My impression is, it was after. If so, the results I ob- 

tained at Professor Bell’s exhibition were the first approximating 
articulate speech transmitted by the human voice. 
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Cross-Int. 111. In your experiments with your own transmitter 
in the Exposition Building, what did you use for a receiver ? 

Ans. I used the wooden sounding-box receiver, as that was the 
only thing I had there. 

Cross-Int. 112. Was that transmitter made in Philadelphia ? 

Ans. It was. 

Cross-Int. 113. Was the construction of that transmitter the 
first attempt you had made to construct the apparatus specifically 
described and represented in the drawings of your caveat? 

Ans. I believe it was. Of this I am not quite certain. 

Cross-Int. 114. You described in your direct examination a 
transmitting instrument exhibited by Professor Bell on the occasion 
referred to; did you see a different transmitting instrument among 
the apparatus exhibited by Professor Bell ? 

Ans. [ have no recollection of having seen any other than the 
one described. 

Cross-Int. 115. What apparatus did you exhibit to the Judges 
on that day? 

Ans. I exhibited the musical telephone adapted to the trans- 
mission of tunes, consisting of a key-board transmitter and a 
variety of receivers, among which was a wooden sounding box re- 
ceiver, another having a series of sounding boxes connected by one 
bar, and the revolving drum receiver. In addition to this I ex- 
hibited my harmonic telegraph system, substantially as described 
in my patent No. 186,340, granted January 16,1877. I also ex- 
hibited a receiver shown in my patent 166,094, granted 27th July, 
1875. With this receiver I exhibited the method of making the 
tone single operate an. ordinary Morse sounder. The other tele- 
graphic receivers were substantially like those described in my pat- 
ent No. 175,971, granted April 11, 1876. 

Cross-Int. 116. Was the wooden box receiver which you had 
there, the one, or like the one, which has been put in evidence, 
marked “ Gray’s Wooden Sounding Box Magnet Receiver?” 

Ans. It was substantially like it. I think the box was larger 
somewhat, and had S-shaped openings in the top instead of the 
side, as in the exhibit. 

Cross-Int. 117. Did you see the reports of the Judges when they 
were made upon’ the apparatus exhibited by you, and also upon 
that exhibited by Professor Bell ? 

Ans. I saw the report made upon my own apparatus, but not on 
that of Professor Bell. 
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Cross-Int. 118. Did you see this report upon your apparatus be- 
fore it was printed or afterwards ? 
Ans. I first saw it when it was sent to me officially by the offi- 
cers of the exposition. 

Cross-Int. 119. When did you first see the printed reports of the 
Judges issued in volumes, especially the volume containing the re- 


’ 


port on your own apparatus? 

Ans. I have no recollection now of having ever seen it; certainly 
not to read it. 

Cross-Int. 120. Have you ever seen that upon Professor Bell’s 
apparatus ? 

Ans. I have not. | 

Cross-Int. 121. Will you look at pages 92 and 93 in George B. 
Prescott’s book entitled, “The Speaking Telephone, Talking Phono- 
eraph and other Novelties,” and state whether you ever before 
read what there is on those pages, purporting to be the official re- 
port of an instrument exhibited by Mr. Bell, at the Centennial Ex- 
hibition, signed by Sir William Thomson and others. 

Ans. I think this is the first time I ever read consecutively, 
either the official report or what purported to be of Sir William 
Thomson, regarding Professor Bell’s exhibit at the Centennial. I 
have seen statements in the newspapers of a somewhat similar 
character ; and I call to mind particularly an extract from Sir Wil- 
liam Thomson's address after he went back to Europe. 

Cross-Int. 122. When did you first see such statements and ex- 
tracts ? 

Ans. The first that I recollect now was contained in the before 
mentioned address of Sir William Thomson. This 1 saw some 
time in the fall of 1876; I cannot fix the date accurately. 

Cross-Int. 123. Will you look at page 21 printed reports and 
awards, group 25, of the Centennial Exhibition ; state whether you 
ever before saw what is contained in that page, with reference to 
Professor Bell’s Exhibits, either in this book or in any other publi- 
cation, or any part of it; and, if so, when you first saw it ? 

Ans. I did not see it in the book above mentioned, and I cannot 
swear that I ever saw that article in any publication. I have seen 
newspaper extracts that read in a somewhat similar manner and my 
recollection is, that I saw something of the kind late in the fall of 
1876 or in the winter of 1876-7. 

Cross-Int. 124. Did you, about the time you saw Professor Bell’s 
apparatus at the Centennial Exhibition, call on Professor Bell at 
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substance between the two instruments, that the result might 
possibly be obtained by mechanical transmission through the wire. 
I may have said so in the presence of Professor Watson, although 
I do not now recollect it. I have above said that I did not say that 
the electrical transmission of articulate speech was impossible. I 
could not have said it, because I knew not only from my own ex- 
periments, but from what I heard on Professor Bell’s instrument at 
the first exhibition, I believed then, and have ever since, that the 
results I obtained were due to electrical transmission, and not 
mechanical. 


Adjourned to Monday, April 7, at 10.30 A. M. 


New York, April 7, 1879, 10.30 A. M. 


Cross-Int. 127A. Will you look at the report of the Judges 
previously referred to on pages 20 and 21, and on pages 131 and 132, 
and state whether the articles on those pages, so far as they relate 
to your inventions, are, either or both of them, the report or reports 
which were sent to you from the Judges ? 

Ans. The report, on pages 20 and 21, I should say, was a brief 
abstract of the full report, found on pages 131 and 132. I believe 
this latter to be the same as contained in the official report sent to 
me. I cannot be positive as to exact wording, without reference 
to that report. 

Cross-Int. 128. Will you look at pages 13 and 196, and state if 
you find to whom the respective articles are attributed as the 
authors ? 

Ans. The article first referred to, on pages 20 and 21, is part of 
the general article entitled “Electrical Apparatus,” by Joseph 
Henry, LL.D. By reference to page 196, I find the following : 
“The figures annexed to the names of the Judges indicate the re- 
ports written by them respectively,” referring back to page 131, 
report No. 4, would be accredited to Sir William Thomson. 

Cross-Int. 129. Will you look at page 21 at Professor Henry’s 
general report, and state whether you find the article relating to 
your invention followed by one relating to the invention of Mr. Bell, 
forming a part of the same general report ? 

Ans. I find on page 21 a reference and short description of an 
invention which the writer claims to be that of Mr. Bell. 
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Cross-Int. 130. Will you state whether these two articles are 
embraced under one specific heading or title on page 20, and if so, 
what that title is ? F 

Ans. I find on page 20a heading which reads, “ The Electric 
Telephone and Multiple Telegraph,” and I find the two articles 
above referred to embraced under that heading. 

Cross-Int. 131. Will you look at pages 130 and 131, same vol- 
ume, and state whether you find there a report relating to Professor 
Bell's exhibit at the Centennial, and if so, to whom the authorship 
of that is attributed ? 

Ans. I find on pages 130 and 131 of the volume referred to a 
report of Professor Bell’s exhibit at the Centennial. By reference 
to pagel96 I find this report accredited to Sir William Thompson. 

Cross-Int. 132. Will you look and see if that report is the same 
as that of the article in Prescott’s book, pages 92 and 93, to which 
your attention has already been called. 

Ans. I find a portion of that report quoted in Prescott’s book ; 
and beginning about the middle of the report it is quoted word for 
word, for a number of sentences, the balance being simply a brief 
abstract. 


(Complainants offer in evidence the article on pages 20 and 
21 of Professor Henry’s report, under the title of “ The Elec- 
tric Telephone and Multiple Telegraph,” marked ‘ Com- 
plainants’ Exhibit No. 10, W. C. W., Ex’r.” 

Also the article No. 3, same volume, on pages 130 and 131, 
under the title “ Alexander Graham Bell, Salem, Mass., U. 
S.,” marked ‘ Complainants’ Exhibit No. 11, W. C. W., 
Ex’r.” 

Also the article in same volume, pages 131 and 132, No.4, 
under the head “ Elisha Gray and Samuel! Stockton White, 
Chicago Illinois, U. S., marked “ Complainants’ Exhibit 12, 
W.C. W., Bee) 

(The use in evidence of the three printed articles just 
above mentioned and offered in evidence by the complain- 
ants, is objected to.) 


Cross-Int 133. In the fifty-ninth direct interrogatory you were 
asked to state how you were occupied in the year 1876, and down 
to October, 1877, ete. State whether or not in addition to what 
you stated in your answer to that interrogatory as to your occupa- 
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tion during those years, you delivered a lecture on the 27th of Febru- 
ary, 1877, at McCormick’s Hall, Chicago, at which you exhibited 
sundry inventions of your own, and explained their character ? 

Ans. I did deliver such a lecture, making such exhibitions, in 
McCormick’s Hall, Chicago, on or about the date mentioned. 

Cross-Int. 134. State whether or not, in the course of that lec- 
ture, you made any reference to Professor Bell and his invention of 
the speaking telephone. 

Ans. I did make reference to Professor Bell, and I explained his 
invention, as I have heretofore described as his in my direct ex- 
amination ; to aid in which I used diagrams and had a pair of in- 
struments onthe stage, not in circuit, constructed on the same 
principle. 

Cross-Int 185. When and by whom were those instruments con- 
structed ? 

Ans. My recollection is, that they were made perhaps a month 
previous to the lecture, by a workman in the shops of the Western 
Electric Manufacturing Company, by the name of De Hondt. The 
instruments were owned by him, and I borrowed them for that oc- 
casion. 

Cross-Int 136. Will you look at the copy of the “‘ Chicago Tri- 
bune” which I now hand you, dated February 20, 1877, and state 
whether you find in it, under the head of “ The Telephone,” a report 
of that lecture, and if so, whether it is substantially a correct report 
of that lecture, so far as 1t goes ? 

Ans. I find in that paper what purports to be a report of a lec- 
ture delivered by me at McCormick Hall, but I cannot say that it is 
a correct report, except in a very general sense. It seems to bea 
brief synopsis of the impressions made upon the reporter’s mind at 
the time, and it is not in any sense a verbatim report, except, per- 
haps, in the case of a few detached sentences. 


(Complainants offer in evidence said report, and it is 
marked “ Complainants’ Exhibit No. 13, W. C. W., Ex’r.”) 
Objected to. 


Crosss-Int. 137. Did you before delivering that lecture have any 
correspondence with Professor Bell in respect to the lecture and to 
the exhibition of his invention of the speaking telephones ? 

Ans. I wrote him two letters about that time, 1 think both of 
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them before the lecture, and I remember the first one had reference 
to the exhibition of his invention at that lecture. 

Cross-Int. 138. Will you look at the letter I now hand you, and 
state whether or not it is the first letter which you sent to him ? 

Ans. It is the first letter. 

Cross-Int. 139. Will you read it to the magistrate, to be taken 
down by him in answer to this question ? 

Ans. I will. It is as follows: 


“ CuicaGo, February 21, 1877. 
‘“* ProFressor A. G. BELL: 
“My Dear Str—I gave a lecture in McCormick Hall, this city, 
Tuesday evening, 27th inst., on the telephone as I have developed 
it. I also connect with Milwaukee and have tunes and telegraph- 


ing done from there. I should like to explain and exhibit your 


method of transmitting vocal sounds as well, but do not feel at lib- 
erty to do more without permission from you. I should explain it 
as your method, and not mine, although the office records show a 
description of the talking telegraph filed by me the same day yours 
was filed. The description is substantially the same as yours. I 
was unfortunate in being an hour or two behind you. There is no 
evidence that either knew that the other was working in this direc- 
tion. 

“ Without our facilities, I can get up an apparatus on a day’s 
notice that will answer. I have a copy of your last patent, please 
telegraph at my expense, on receipt of this, yes or no, and I will act 
accordingly. 

“ Yours truly, 
“ ELISHA GRAY, 
‘* 220 Kinsey Street, 


66 


Chicago. 
‘T send this care Mr. Hayes, as I do not know your address. I 
received a line from you through Mr. Baldwin, for which please ac- 
99 
cept thanks. 


Cross-Int. 140. I notice that in this letter you request Mr. Bell 
to telegraph you in reply; state whether or not he did so? 

Ans. He did. 

Cross-Int. 141. Have you got his reply; if so, will you please 
read it ? 

Ans. It is as follows: 
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“ Boston, Feb. 24, 1877. 
“ ELISHA GRAY, 

‘Western Electric Mfg. Co.: 

“Tf you refute in your lecture, and in the “Chicago Tribune,” 
the libel upon me published in that paper February sixteenth, I 
shail have no objection. Please answer. 

“A. GRAHAM BELL.” 


Cross-Int. 142. Did you reply to that telegram ? 

Ans. I did. 

Cross-Int. 143. Will you look at the letter I now hand you and 
state whether it is the one you sent in reply to the despatch, and if 
so, read it to the magistrate as a part of your answer ? 

Ans. It is. It is as follows: 


“ CuicaGo, Feb. 24, 1877. 
‘“Proressor A. G. BELL. 

‘““Srmr— Your telegram received. In answer I would say, first, that 
I do not know what article you refer to, but will see the paper of 
that date. I have seen one or two articles lately that venture to 
assume that you are not the only man in the world who had con- 
tributed to the development of the telephone. If such assertions 
are ‘libels,’ then you have been libeled, so far as I know the 
‘libels ’ are mostly on the other side ; if assertions of originality, ete., 
may be so considered. ‘The papers here have been full of articles 
of late, copied from Boston papers, claiming the whole development 
of the telephone for you. It would not be strange if some one, 
knowing the facts, should speak, and in doing so, may have done 
you an injustice. 

“You seem to assume that Iam responsible for all the news- 
paper articles that are not in your favor. I assert here that I have 
never said a word about you in the public prints, and I have always 
—even to the degree of offending some of my friends—defended 
you when I have heard disparaging remarks made about you; and 
since I made your acquaintance I have taken the ground that we 
were both independent inventors. Now, if we are going into the 
refutation business I suggest that it be mutual. So faras I know, 
there is quite as much needed from your side as from mine. I am 
always willing to correct any wrong done you, even although I am 
not responsible. If we undertake to follow up the newspapers we 
will have our hands full. I shall not show your apparatus, as I do 
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not want any conditions imposed until I know what I am expected 
to refute. I do not know but that it is to deny all claim to the in- 
vention. Allow me to suggest that your telegram was just a little 
indiscreet, as it contained an assumption very unjust to me. 
“1 do not know your address, so I send through Mr. Hayes. 
“ Yours truly, 
“EH. GRAY. 


“P. S.—You should have sent your despatch collect as I re- 
2 ‘ 9 
quested it sent. 


Cross-Int. 144. In this letter you say, near its commencement, 
“T do not know what article you refer to, but will see the paper of 
that date.” Did you examime the paper and ascertain what the 
article was ? 

Ans. I believe I did. 

Cross-Int. 145. Will you look at the date of the copy of the 
“Chicago Tribune,” which I now hand you, of the date of February 
16, 1877, and state if you find in it the article which you suppose to 
be referred to by Professor Bell; and if so, point out to the magis- 
trate and allow him to copy it as part of the answer ? 

Ans. I find an article in the personal column of the ‘“ Chicago 
Tribune,” of the date above referred to, an article that I supposed 
to be the one referred to by Professor Bell in his telegram. It is as 
follows: 

“Many of the Eastern newspapers are favoring their readers 
with sketches of Prof. A. M. Bell, ‘the inventor of the telephone.’ 
Meanwhile the real inventor of the telephone—Mr. Elisha Gray, of 
Chicago—minds his own business and apparently concerns himself 
not at all about the spurious claims of Professor Bell. Persons 
acquainted with the subject need not be informed that Mr. Gray’s 
claims are incontrovertible. Science long since recognized them. 
They were established in the columns of the 
before Professor Bell was so much as heard of. They are officially 
approved in the Patent Office at Washington, and they have already 
brought in large returns in money as well as in reputation to the 
inventor. Talking by telegraph and other sport of that description 
Mr. Gray has not paid much attention to as yet, because there is no 
present indication in it of anything more than sport; but the prin- 
ciples involved in it were discussed by him, and have all been used 


¢é 


Tribune” years ago, 


by him in a practical manner.” 
Cross-Int. 146. Did vou receive from Professor Bell a reply to 


f 
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your second letter; if so, will you produce it and read it as a part 
of your answer? 
Ans. I did. It is as follows: 


‘“ Boston University, March 2, 1877. 
‘“Enisoa Gray, Esq., Chicago. 

“My Dear Str—I was somewhat hasty, I must confess, in 
sending my telegram, for of course you are not responsible for 
all the ill-natured remarks that may appear in the newspaper con- 
cerning me. 

“T am sorry that my telegram should have prevented you from 
making the experiments you desired, for it is my sincere desire to 
oblige you in any way Ican. Iam glad that you are willing to do 
me justice, and must thank you for saying a good word for me 
occasionally. I may say that it has uniformly been my custom to 
make honorable mention of your name in multiple telegraphy, and 
to give you the credit of being an independent inventor. 

‘“T have not generally alluded to your name in connection with 
the invention of the electric ‘Telephone,’ for we seem to attach dif- 
erent significations to the word. LI apply the term only to an ap- 
paratus for transmitting the voice (which meaning is strictly in 
accordance with the derivation of the word), whereas you seem to 
use the term as expressive of any apparatus for the transmission of 
musical tones by the electric current. 

“JT have no knowledge of any apparatus constructed by you for 
the purpose of transmitting vocal sounds, and I trust that I have 
not been doing you an injustice. It is my sincere desire to give you 
all the credit that I feel justly belongs to you. 

“1 do not know the nature of the application or caveat to which 
you have referred as having been filed two hours after my applica- 
tion for a patent, excepting that it had something to do with the 
vibration of a wire in water, and, therefore, conflicting with my 
patent. My specification had been prepared months before it was 
filed, and a copy had been taken to England by a friend. I delayed 
the filing of the American patent until I could hear from him. At 
last the protest of all those interested in my invention deprecating 
further delay had their effect, and I filed my application without 
waiting for a conclusion of negotiations in England. It was certainly 
a most striking coincidence that our applications should have been 
filed on the same day. 
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‘“‘T have been kept so busy during the past few days correct- 
Pp e a Pp e 
ing the ‘examination papers of my normal school, that I have been 
i ; ; 
unable to write. 
“In haste, 
“Yours truly, 
‘* ALEXANDER GRAHAM BELL.” 


Cross-Int. 147. Will you look now to the letter I hand you, and 
state whether you sent it to Professor Bell in answer to a letter 
from him which you have just produced, and if s0, will you read it 
as a part of your answer ? 


Ans. I did. It 1s as follows: 


Cxuicaco, March 5, 1877. 


‘“ Pror. BELL: 

“ My Dear Str—I have just received yours of the 2d inst., and I 
freely forgive you for any feeling your telegram had aroused. 
I found the article I suppose you referred to in the personal 
column of the “ Tribune,” and am free to say it does you in- 
justice. 

“T gave you full credit for the talking feature of the telephone, 
as you may have seen in the ‘ Associated Press’ dispatch that was 
sent to all the papers in the country, in my lecture in McCormick 
Hall, Feb. 27. There were four different papers represented at the 
lecture, but only one—the ‘ Tribune ’—alluded to my mention of you 
except the ‘ Press’ dispatch. I described your apparatus at length 


by diagram. 
“Of course, you have had no means of knowing what I have done 
in the matter of transmitting vocal’ sounds. When, however, you 


see the specification, you will see that the fundamental principles 
are contained therein. I do not, however, claim even the credit cf 


inventing it, as I do not believe a mere description of an idea that 
has never been reduced to practice, in the strict sense of that phrase, 
should be dignified with the name invention. 
“ Yours very truly, 
“ ELISHA GRAY.” 


Cross-Int. 148. I find in the certified copies of the file wrapper, 
contents and drawings of the three applications for patents made by 
you on the 29th October, 1877, which have been put in evidence, 
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that letters of the same date were sent by your attorneys to the 
Commissioner, requesting that a model in each case may be tempo- 
rarily dispensed with. Why was that request made? 

Ans. I had forgotten that such a request had been made, and I 
am unable to recall now, except that I have a faint recollection 
that the models were not ready at the time of the filing of the appli- 
cations. 

Cross-Int. 149. Do you mean that they were not constructed or 
completed ? 

Ans. Yes, sir; I mean that the instruments we wished to file 
in the office were probably not completed. I do not mean by this 
that none of them were ever made before, or instruments substan- 
tially like them. 

Cross-Int. 150. In constructing the instruments represented 
in your caveat, on which the diaphragms are stretched, what ma- 
terial would judge it best to use in order to secure the best 
results ? 

Ans. I should have but very little choice in the selection of ma- 
terial farther than this: To get the best results I would endeavor 
to prevent exciting vibrations in either the transmitting or receiving 
diaphragm other than those excited in the air by the utterance of 
any given word or sound. To prevent this, it is best to use a ma- 
terial that will not too readily take up the vibrations of the dia- 
phragm. I would name as one very good substance vulcanized rub- 
ber as being better either than wood or metal; but the difference 
is not sufficient to destroy practically the working qualities of the 
instrument. 

Cross-Int. 151. Will you look at Mr. Prescott’s book which has 
been previously referred to by you? State whether you wrote that 
part of it commencing on page 183 with the words: “ In the follow- 
ing pages,” and extending to the passage on page 205, closing with 
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the words, “ by means of electricity,” or any part of it ? 

Ans. So far as I can judge, without actual comparison, I should 
say that this was copied from some of my writings. 

Cross-Int. 152. When and where was it first published ? 

Ans. I think the first publication of this particular article ap- 
peared in this book—Prescott’s. 

Cross-Int. 153. When was it written ? 

Ans. To the best of my recollection, part of it was written some 
time prior to February 14, 1876. Part of it was not written till the 
winter or spring of 1877. 
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Cross-Int. 154. What part of it was written prior to February 14,, 
1876, and when was such part written ? 

Ans. The part beginning on page 202, the part entitled Gray’s 
Specification, February 14, 1876. My answer assumes that this is an 
exact copy of my caveat, but I have not compared the two to see 
that itis perfectly accurate. It was written, I think, a few days be- 
fore the date above mentioned, but I cannot definitely fix the time 
at this moment. 

Cross-Int. 155. Will you look at the pamphlet I now hand you, 
entitled “ Journal of the American Electrical Society,” published in 
1875, Vol. I., No. 1, and state whether or not you wrote the article 
commencing on page 3 and extending to page 15; and if so, when 
you wrote it ? 

Ans. I wrote the article substantially as it appears here, about 
the tirne it purports to have been delivered, March 17,1875. I after- 
ward revised it for publication some time prior to the issue of the 
journal; to the best of my recollection it was the following fall. 

Cross-Int. 156. State, if you remember, whether the second and 
third numbers of that journal contained articles under your name, 
which were written by you ? 

Ans. I remember having written two other articles which ap- 
peared in subsequent issues of the same journal. 


Adjourned to Tuesday, April 8, at 10.30 A. M. 


New York, April 8, 1879, 10.30 A. M. 


The witness, ELIsHa GRAy,continues his answer to one hundred and 
fifty-sixth cross-question : 


Since yesterday I have looked at the articles referred to in Nos. 
2 and 3 of the said journal, being articles bearing my name, and 
identify them as articles of my composition. 


Dtrrecr EXAMINATION RESUMED : 
Int. 157. In your answer to the eighty-third cross, you say, “I 


have always understood that any instrument or apparatus capable 
of transmitting sound to a distance was properly calied by the name 
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telephone.” Do you include here under the term “ sound,” musical 
or other inarticulate tones, as well as articulate speech ? 

Ans. I do. 

Int. 158. Has the word “ telephone ” been commonly used among 
scientific men, in this broad sense, for a time beginning previously 
to the invention in controversy in this case, and will you give such 
illustrations of that fact as occur to you? 

Ans. It has. And as one illustration, I call to mind a descrip- 
tion of what is called the Reis telephone, which will be found in a 
little work on electricity, by Ferguson, at pages 257 and 258. A re- 
production of the cut of this apparatus, substantially as described in 
the above book, was published some years since, prior to 1874, in 
the “Manufacturer and Builder.” It was also published in “The 
Telegrapher,” at an early date. 

Int. 159. Will you look at the application of Mr. Bell, which is 
referred to in the first one of the patents in suit in this case as a 
pending application of his, dated February 25, 1875 (a copy of which 
is in evidence, marked “ Defendant's Exhibit A,”) and state to what 
sort of an apparatus you there find him applying the word “ tele- 
phone ?” 

Ans. Lunderstand the apparatus referred to by Professor Bell, in 
the application named, to be such an one as was to be found among 
the philosophical apparatus of almost any first-class college, and it 
was a modification of the Reis telephone receiver, and was com- 
monly called Wertheim’s apparatus. It consisted of an iron rod 
from two to three feet long, perhaps a quarter of an inch in diam- 
eter, and when used was passed into an ordinary helix. When in 
operation it was placed in cireuit with some vibrating circuit- 
breaker, as a transmitter, usually vibrating at a very slow rate, and 
is used to demonstrate the general fact that a bar of iron elongated 
under magnetization, and also produced anoise at the moment of 
magnetization or demagnetization. Professor Bell, in his applica- 
tion of February 25, 1875, proposed to use it as a receiver, in con- 
nection with the transmitter, which, in general, may be described as 
an ordinary vibrating electrotome or reed. 

Int. 160. Is the apparatus described in this application of Feb- 
ruary 25, 1875, an apparatus for sending telegraphic signals over a 
single wire, an intermittent current being produced by a vibratory 
make and break ? 

Ans. It is an apparatus designed to transmit telegraphic signals, 
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and an intermittent current is produced by an actual make and 
break of the circuit by the vibrator of the transmitter. 

Int. 161. You have spoken on your cross-examination of a mul- 
tiple telegraph which was exhibited at the Centennial in 1876 by 
Mr. Bell; please describe it ? 

Ans. As I remember the apparatus, the transmitting portion of 
it was very similar to the transmitter shown in Professor Bell’s ap- 
plication of February 25, 1875. The receiver was substantially the 
same as shown in that application, with the addition of an arrange- 
ment for operating a local circuit, the whole instrument being sub- 
stantially as shown on page 59 of Prescott’'s book on the speaking 
telephone and phonograph. There were two transmitters and two 
receivers connected in circuit on the same table. I do not know how 
the circuits were connected with the instruments in detai!, and 
neither can I swear that the instruments were exact reproductions 
of the cuts I have referred to. 

Int. 162. By consent of the counsel for the complainants, I will 
ask you if you gave an exhibition of the use of your key-board 
musical transmitter with the concave metallic diaphragm receiver, or 
with the resonant box magnet receiver, at your dwelling house, in 
or near Chicago, before going to Europe, in Augnst, 1875; if so, 
state what apparatus was used, by whom, how, with what results, 
and what number of persons were present. 

Ans.. I did. The apparatus I used on that occasion was the two- 
octave multiple transmitter, now in evidence, the concave metallic 
diaphragm magnet receiver, a duplicate of which is now in evidence, 
and the: violin animal tissue receiver, now in evidence. The trans- 
mitter was placed in the dining-room of the house, and the receivers 
were placed in the parlor, having the doors closed between. <A 
wire connected the transmitter with the receiver, forming a closed 
circuit, in which was included a battery, the connections being the 
same as have been heretofore described. A number of tunes were 
transmitted from the transmitter to the receiver, and most of the 
time my wife did the playing while I presided at the receiving end. 
The results were entirely satisfactory, so that all in the room could 
hear the tunes that were received, and there were from thirty to fifty 
persons present. This was the evening before I left home tc go to 
Europe. 

Int. 163. Do you know whether any model was filed at Patent 
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Office with the application for Mr. Bell’s patent of March 7, 1876, 
in suit? 
Ans. I don’t know. 
ELISHA GRAY. 


Attest: W. C. Wirrer, Examiner. 


(Counsel for defendant puts in evidence a certified copy of the 
correspondence found in file, in the matter of the letters patent 
eranted Alexander G. Bell, March 7, 1876, No. 174,465, for telegra- 
phy ; and the same is marked “ Exhibit Bell and Patent Office Cor- 
respondence, W. C. W., Ex’r.”) 

The counsel for defendant admits that in an exhibition given 
by Mr. Elisha Gray, in the City of New York, April 2, 1877, Mr. 
Gray said substantially, as is reported in the ‘‘ New York Tribune ” 
of the following day, thus: 

‘“ After the first part of the programme had been executed, Mr. 
Elisha Gray came forward and addressed the audience. He was 
aware that great confusion existed in the popular mind as to what 
this telephone could perform ; in particular it had been confounded 
with the speaking telephone invented by Professor A. Graham Bell, 
of Boston. Prof. Bell, Mr. Gray said, was present in the audience. 


(Adjourned.) 
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(No. 54c.) Defendants’ Exhibit, ‘Deposition of 
Elisha Gray (recalled).” 


(Introduced by defendants in this Court, from printed record, 
Bell Telephone Company ef a/. Peter A. Dowd, pp. 279-285.) 


J. A. W., Sp. Ex’r. 


(Introduced in Record, p. 12.) 


DirEcT EXAMINATION BY CAUSTEN BrowNE, EsaQ., oF COUNSEL FOR 
DEFENDANT. 


New York, May 7, 1879. 2 
10 A. M. 5 

Int. 1. It appears from the testimony of Mr. Goodrich that there 
were made for you in Chicago, in 1874, before you went abroad, two 
resonant box magnet receivers, like the exhibit of that name, each 
made of tinned iron and that one of these was sent to Washington 
as a model accompanying your application for your magnet receiver 
patent, No. 166,095, dated July 27,1875. Did you take this reson- 
ant box magnet receiver yourself to Washington ? 

Ans. I did. 

Int. 2. Did you personally know that it was deposited in the 
Patent Office as the model making part of your application for your 
magnet receiver patent above mentioned ? 

Ans. I know that it was sent there for that purpose by Mr. 
Hayes, who was at that time my patent attorney. [I will add that 
Mr. Hayes was in Washington with me at that time, and that the 
drawings of the magnet and the resonant box were made at Wash- 
ington, and when completed I compared them with the models. 

Int 3. Do you remember seeing the model on the files of the 
Patent Office at any time after your application was filed or your 
patent granted ? 

Ans. I do remember having seen it on several occasions, both in 
the case in the model room, and in the room of the examiner. 

Int. 4. Where in Washington were the drawings made to which 
you referred just now ? 

Ans. They were made in the office of Hill & Ellsworth, patent 


solicitors, to the best of my recollection. 
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CROSS-EXAMINATION BY J. J. Storrow, Esq., oF COUNSEL FOR COoM- 
PLAINANTS. 


Cross-Int. 5. What was the date of the occasions referred to in 
the third answer ? 

Ans. I cannot give you the exact dates. I was a frequent visitor 
at Washington, and often had occasion to look through the model 
cases, and saw these incidentally. Sometimes I was showing my 
friends through the office and called particular attention to the mod- 
els as representing my inventions. 

Cross-Int. 6. State as nearly as you can when you recollect hav- 
ing seen in the model room of the Patent Office, in connection with 
or as part of the model for patent 166,095, a tin box like that of the 
exhibit referred to in the first question of to-day’s deposition ? 

Ans. T'o the best of my recollection, the first time I saw it was 
not a great while after the issue of the patent in which it is repre- 
sented. 

Cross-Int. 7. How soon after ? 

Ans. I cannot tell how soon it was, but during the first few 
months following the issue of the patent; it may have been one and 
it may have been six. 

Cross-Int. 8. Are you sure you saw it within six months of the 
issue of that patent ? 

Ans. I am sure I saw it, and I believe it was within six months. 

Cross-Int. 9. Was it within five months of the issue of that pat- 
ent ? 

Ans. I don’t know. 

Cross-Int. 10. Who was with you on the occasion when you say 
you saw it? 

Ans. I cannot, without refreshing my recollection, state who 
was with me, as the occasions of my visits were so frequent that I 
only recollect at this moment the fact that on some of the occasions 
[ had friends with me, but I cannot tell whether there was any one 
with me the first time I saw it or not. 

Cross-Int. 11. When do you think you saw it the second time 
in the model room ? 

Ans. I cannot fix the dates exactly, but the times that I saw it 
occurred between the date of the issue of the patent, July 27, 1875, 
and about the same date, 1877. I saw one portion of it, namely, 
the magnet portion, within the last six months. To my best recol- 
lection, about mid-winter, 1878-9, 
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Cross-Int. 12. All my questions as tu what you saw in the Pat- 
ent Office at Washington have had reference to a tin box like that 
now attached to the exhibit and not to the magnet portion of the 
receiver. If you have answered the questions upon any different 
understanding, please say so, and correct your answers, if need be. 

Ans. All of my answers, with the exception of so much of the 
last answer as especially refers to a part, referred to the model as a 
whole, consisting of the magnet, mounted upon a base, and the tin 
box. 

Cross-Int. 13. Can you fix the occasion when you think you saw 
in the model room such a tin box as part of the model of the Patent 
166,095 any more definitely or any differently from what you have 
done in your eleventh answer; if you have any recollection’ differ- 
ent or more precise than that stated in your eleventh answer, please 
to give it ? 

Ans. I cannot fix the dates more definitely at this moment. I 
think I could do so, however, if I had time to refer to data that 
would fix the occasions, which I have not with me. 

Cross-Int. 14. When did you first go to that model room for the 
purpose of finding or looking at such tin box ? 

Ans. I do not recollect at going at any time for the specific pur- 
pose of looking for the tin box. The times that I saw it were, as I 
stated before, when I was looking through the models generally. 

Cross-Int. 15. What was the date of the occasion when you think 
you saw in the Examiner’s room, as part of your model 166,095, a 
tin box like that now tied to the exhibit ? 

Ans. I cannot fix the date more nearly than I have. The most 
of the time I saw it was in the model case up-stairs. 

Cross-Int. 16. Give me your best recollection as to when you 
saw such a box, as part of that model, in the Examiner's room. 

Ans. To the best of my recollection it was during the latter part 
of the time between the dates of the issue of the patent and about 
July, 1877, as mentioned in my eleventh answer. 

Cross-Int. 17. What occasion did you have for it in the Examin- 
ers room during that period ? 

Ans. I had no occasion for it. I merely saw it incidentally 
when I called on the Examiner, as I frequently did. 

Cross-Int. 18. Did you on any of those occasions have any con- 
versation with the Examiner about that particular part of the model 
which consisted of said tin box ? 

Ans. Yes; on a number of occasions. These conversations were 
with reference to the patent and its bearing upon other cases. 
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CROSS-EXAMINATION BY J. J. Storrow, Esq., oF COUNSEL FOR Com- 
PLAINANTS. 


Cross-Int. 5. What was the date of the occasions referred to in 
the third answer ? 

Ans. I cannot give you the exact dates. I was a frequent visitor 
at Washington, and often had occasion to look through the model 
cases, and saw these incidentally. Sometimes I was showing my 
friends through the office and called particular attention to the mod- 
els as representing my inventions. 

Cross-Int. 6. State as nearly as you can when you recollect hav- 
ing seen in the model room of the Patent Office, in connection with 
or as part of the model for patent 166,095, a tin box like that of the 
exhibit referred to in the first question of to-day’s deposition ? 

Ans. To the best of my recollection, the first time I saw it was 
not a great while after the issue of the patent in which it is repre- 
sented. 

Cross-Int. 7. How soon after ? 

Ans. I cannot tell how soon it was, but during the first few 
months following the issue of the patent; it may have been one and 
it may have been six. 

Cross-Int. 8. Are you sure you saw it within six months of the 
issue of that patent ? 

Ans. I am sure I saw it, and I believe it was within six months. 

Cross-Int. 9. Was it within five months of the issue of that pat- 
ent ? 

Ans. I don’t know. 

Cross-Int. 10. Who was with you on the occasion when you say 
you saw it? 

Ans. I cannot, without refreshing my recollection, state who 
was with me, as the occasions of my visits were so frequent that I 
only recollect at this moment the fact that on some of the occasions 
[ had friends with me, but I cannot tell whether there was any one 
with me the first time I saw it or not. 

Cross-Int. 11. When do you think you saw it the second time 
in the model room ? 

Ans. I cannot fix the dates exactly, but the times that I saw it 
occurred between the date of the issue of the patent, July 27, 1875, 
and about the same date, 187 
the magnet portion, within the last six months. To my best recol- 
lection, about mid-winter, 1878-9, 


7. I saw one portion of it, namely, 
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Cross-Int. 12. All my questions as tu what you saw in the: Pat- 
ent Office at Washington have had reference to a tin box like that 
now attached to the exhibit and not to the magnet portion of the 
receiver. If you have answered the questions upon any different 
understanding, please say so, and correct your answers, if need be. 

Ans. All of my answers, with the exception of so much of the 
last answer as especially refers to a part, referred to the model as a 
whole, consisting of the magnet, mounted upon a base, and the tin 
box. 

Cross-Int. 13. Can you fix the occasion when you think you saw 
in the model room such a tin box as part of the model of the Patent 
166,095 any more definitely or any differently from what you have 
done in your eleventh answer; if you have any recollection’ differ- 
ent or more precise than that stated in your eleventh answer, please 
to give it? 

Ans. I cannot fix.the dates more definitely at this moment. I 
think I eould do so, however, if I had time to refer to data that 
would fix the occasions, which I have not with me. 

Cross-Int. 14. When did you first go to that model room for the 
purpose of finding or looking at such tin box ? 

Ans. I do not recollect at going at any time for the specific pur- 
pose of looking for the tin box. The times that I saw it were, as I 
stated before, when I was looking through the models generally. 

Cross-Int. 15. What was the date of the occasion when you think 
you saw in the Examiner’s room, as part of your model 166,095, a 
tin box like that now tied to the exhibit ? 

Ans. I cannot fix the date more nearly than I have. The most 
of the time I saw it was in the model case up-stairs. 

Cross-Int. 16. Give me your best recollection as to when you 
saw such a box, as part of that model, in the Examiner's room. » 

Ans. To the best of my recollection it was during the latter part 
of the time between the dates of the issue of the patent and about 
July, 1877, as mentioned in my eleventh answer. 

Cross-Int. 17. What occasion did you have for it in the Examin- 
er’s room during that period ? 

Ans. I had no occasion for it. I merely saw it incidentally 
when I called on the Examiner, as I frequently did. 

Cross-Int. 18. Did you on any of those occasions have any con- 
versation with the Examiner about that particular part of the model 
which consisted of said tin box ? 

Ans. Yes: on a number of occasions. These conversations were 


with reference to the patent and its bearing upon other cases. 
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Cross-Int. 19. Who was the Examiner you conversed with ? 

Ans. Mr. Wilbur was Examiner during a portion of the time, 
and Mr.. Townsend, since Mr. Wilbur left that department. 

Cross-Int. 20. What was the date, as nearly as you recollect, of 
the first of such conversations with Mr. Wilbur ? 

Ans. My recollection is that the conversations referring to the 
before mentioned model were mostly with Mr. 'Townsend. 

Cross-Int. 21. When did you have your first conversation with 
Mr. Townsend about the model, having at the same time such a tin 
box, forming part of that model, in the Examiner’s room with you? 

Ans. I do not recollect when the first conversation took place, 
but I recollect that the operation of the model, as described in the 
patent, in some of its bearings was discussed soon after filing the 
application for reissued patent, granted January 28, 1879, applica- 
tion filed May 7, 1878. Ido not think I saw the model at this time 
or any part of it later than above date till the winter of 1878-9, 
mentioned in my eleventh answer, my attention then being called 
for the first time to the fact that the tin box had been mislaid or 
lost. 

Cross-Int. 22. Did you have such a tin box before you in the 
Examiner's room, as part of that model, upon any of the occasions 
referred to in your last answer ? 

Ans. I do not think we had, as there was no occasion for it. The 
time or times I saw it in the Examiner’s room it was on the shelf 
with the other models. It is always my habit to see everything of 
that character when I am where they are. 

Cross-Int. 22. Was there such a box as part of that model any- 
where in the Examiner’s room upon the occasions referred to in 
your twenty-first answer ? 

Ans. To the best of my recollection, there was such a box in 
the Examiner’s room, and I have a clear recollection of seeing the 
box carried to the magnet, as shown in Defendant’s Exhibit Gray’s 
Resonant Box Magnet Receiver, either in the Examiner’s room or 


in the model case upstairs. 
Whole of answer objected to as irresponsive. 


Cross-Int. 24. Please to read the last question again and an- 
swer it. 

Ans. I meant to say in my last answer, that to the best of my 
recollection there was such a box in the Examiner’s room, on some 
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of the occasions referred to in my twenty-first answer. I think thé 
matter was talked of after the date mentioned, as the time I first 
discovered that the box was lost, namely, the winter of 1878—9. 

Cross-Int. 25. In your twenty-first answer you spoke of some 
discussions which you say took place in the Exaininer’s room soon 
after May 7,1878. I want to know whether, during those dis- 
cussions after May 7, 1878, such a hollow tin box, such as is shown 
in the exhibit, was present in the Examiner’s room as part of the 
model of patent 166,095 ? 

Ans. I have said in my twenty-first answer, in speaking of the 
discussion which took place after the filing of the reissue applica- 
tion, “I do not think I saw the model at this time, or any part of 
it,’ and I here repeat that I do not think that I saw it at that 
time. 

Cross-Int. 26. Am I to understand that you do not know whether 
such a box existed in the Examiner’s room as part of that model, or 
any of the occasions referred to in the last question ? 

Ans. I understand your twenty-fifth question to refer only to 
the discussions which took place in the Examiner’s room after the 
filing of the application for reissue, May 7, 1878, and I mean to say 
that I do not know whether the model, including the tin box, was 
in the room at that time or not. I have no recollection of seeing 
it on that occasion, or any occasion later, so far as the question re- 
lates to the tin box. 

Cross-Int. 27. Will you now tell me as nearly as you can the 
date when you did see such a tin box as part of that model in the 
Examiner’s room ? 

Ans. I cannot fix the dates any nearer than I have in my answer 
to the sixteenth cross-question. 

Cross-Int. 28. The period referred to in that answer, covers two 
years. Can you fix the occasions as being within the last six 
months of those two years ? 

Ans. I cannot with certainty. 

Cross-Int. 29. Can you fix them as not being within the first six 
months of those two years ? | 

Ans. I cannot swear that I did not see it there during the first 
six months of those two years, but it is my impression, as I before 
stated that it was later that 1 saw it in the Examiner’s room. By 
“it” I mean the model, including the box. ' 

Cross-Int. 30. Did you on any occasion when you knew that 
such a tin box was in the Examiner’s room, have any conversation 
with him on the subject of such a box? 


a 
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Ans. I have a general recollection that on several occasions the 
model, including the box, was referred to incidentally, as they nat- 
urally would be during the discussions which took place relating to 
the various applications that I have made from time to time, bear- 
ing upon the general subject of telephonic transmission. (I in- 
clude in that latter phrase what is known as harmonic telegraphy.) 
And that on some of these occasions the model, including the box, 
was in the Examiner's room. 

Cross-Int. 31. Do you refer in your last answer to any discus- 
sions which took place after the period between July, 1875, and 
July, 1877, mentioned in your twenty-seventh cross-answer ? 

Ans. I refer to conversations which took place before the date of 
the filing of the reissue application, May 7, 1878, and to the best 
of my recollection before July, 1877. 


Adjourned to 2.30 P. M. 


2.30 P. M. 


Cross-Int. 32. What are the “other cases,” referred to in your 
eighteenth cross-answer ? 

Ans. By ‘other cases,” I referred to my patents, generally, 
and applications tending, relating to the transmission and reception 
of musical tones, whether composite or otherwise. 

Cross-Int. 33. In those discussions prior to July, 1877, did you 
refer to or discuss with the Examiner the peculiar functions or mode 
of operations of the resonator, or box of metal described in your 
patent 166,095, as distinguished from the rest of the apparatus? 

Ans. To the best of my recollection, I did. 

Cross-iInt. 34. What application was under consideration be- 
tween you and the Examiner when you had such discussion with 
him ? 

Ans. As I recollect it now, this matter was discussed about the 
time of the issue of the patent No. 166,095, dated July 27, 1875, and 
of the patent No. 186,340, dated Jan. 16, 1877, and patent No. 175- 
971, dated April 11,1876. These are the cases I call particularly 
to mind. | 

Cross-Int. 35. In those discussions did you refer to any function 
or mode of operation or characteristic of such a box other than 
what is mentioned in the patent No. 166,095 ? 

A. Ido not know that all the functions of the resonant box 
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receiver we discussed are described in the patent. The point at 
issue was the bearing that this receiver had upon those shown in 
the above-named patents, numbered respectively 175,971 and 186,- 
340. In the two latter cases receivers are described or referred to, 
that were adapted to receive a tone or tones of a definite pitch, reject- 
ing all others, whereas the resonant box was used as a common re- 
ceiver for all tones. 

Sross-Int. 36. And was that characteristic or mode of operation 
of the receiving apparatus of patent 166,095 what you talked about 
in those discussions ? 

Ans. It was, so far as the discussions related to the above-men- 
tioned cases. 

Cross-Int. 37. Did you, before July, 1877, have any discussions 
with the Examiner on the subject of such a tin box, except such as 
related to the cases referred to in your thirty-fifth cross-answer ? 

Ans. They may have been ; but I do not now recollect. 

Cross-Int. 38. I notice that your patent No. 166,095 is entitled 
patent for an “Improvement in Electric Telegraphs for 'Transmit- 
ting Musical Tones,” and that the first and second questions in to- 
day’s deposition refer to it as “your Magnet Receiver Patent.” 
When did you first hear it called “‘ Magnet Receiver Patent” ? 

Ans. I first heard it called magnet receiver in 1874, long before 
it was patented. 

Cross-Int. 39. My question was, when you first heard that pat- 
ent called your “ Magnet Receiver Patent.” Please answer when 
that was ? 

Ans. To the best of my recollection, about the time it was issued 
first. 

ELISHA GRAY. 
Attest: 
W. C. WITTER, 


Examiner. 


The five exhibits next following, marked 54d, 54e, 547, 54g, and 
541, are the only exhibits contained between pages 573 and 691] 
of the printed record, Bell Telephone Company et a/. vs. Peter A. 
Dowd, not already inserted in the record in this cause under num- 
bers 41 to 51 inclusive. | 


a 


Special Examiner. 


346 DEFENDANTS EXHIBITS. 


(No. 54d.) Defendants’ Exhibit, ‘Magnet Receiver 
Application.” 


J. A. W., Sp. Exr. 


[Introduced in Record, p. 12.] 


DEPARTMENT OF INTERIOR. 


UNITED STATES PATENT OFFICE. 


To all Persons to Whom these Presents shall Come, Greeting: 


This is to certify that the annexed is a_ true copy from the files 
of this office of the file wrapper, contents and drawing in the matter 
of letters patent granted Elisha Gray. Dated July 27th, 1875. No. 
166,095. For apparatus for transmitting musical tones by elec- 
tricity. 

In testimony whereof, I, W. H. Doolittle, Acting Com- 
missioner of Patents, have caused the seal of the 
[SEAL. | patent office to be hereunto affixed, this thirty-first 
day of March, in the year of our Lord one thou- 
sand eight hundred and seventy-seven, and of the 
Independence of the United States the one hun- 
dred and first. 
W. H. Doo.irr.e, 
Acting Commissioner. 


1. (ORIGINAL APPLICATION.) 
T0 the Commissioner of Patents . 

Your petitioner, ExisHa Gray, of Chicago, County of Cook, 
Illinois, prays that letters patent may be granted to him for the in- 
vention set forth in the annexed specification ; and he hereby ap- 
points Alexander L. Hayes, of Boston, Mass., as his attorney, with 
full power of substitution and revocation, to prosecute this applica- 
tion. to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent Office connected 


therewith. 


ELISHA GRAY. 


~ty 
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To All Whom it may Concern: 


Be it known that I, ELisHa Gray, of Chicago, in the County of 
Cook, State of Illinois, have invented a new and useful improve- 
ment in apparatus for transmitting musical tones Ly electricity, of 
which the following is a full, clear and exact description thereof, 
which will enable others skilled in the art to which the invention 
appertains to construct and use the same, reference being had to 
the drawings ‘accompanying and forming part of this specifica- 
tion : 

In the drawings, Fig. 1, sheet 1, is a view showing the trans- 
mitting apparatus with its connections in plan, and the receiving 
apparatus in elevation, and Fig. 1, sheet 2, is a view showing the 
transmitting apparatus in perspective. 

This invention is based upon the observed fact well known to 
electricians, that when a coil of wire surronnding a bar of tron, or 

, the core of an electro-magnet is traversed by an elec- 
“per ‘Amdt, tric current, the said bar will be shghtly elongated, 

. and if these currents succeed each other with sufficient 
rapidity, a vibratory motion will be given to said bar, and it will give 
forth a musical tune. | 

On this principle, an apparatus known as the telephone. has 
been devised, in which the succession of electrical impulses is caused 
by contacts made by a diaphragm which is thrown into vibration by 
musical tones produced by the Auman voice or otherwise in near 
proximity to said diaphragm, but the apparatus does not always 
operate with certainty, and is lable to become disarranged. 

My invention consists in using the secondary currents from an 
induction apparatus, or the secondary or extra current from a prin- 
ary coil for exciting the coil surrounding the bar of iron, and in 
causing the succession of said impulses of the induced current by 
means of a circuit breaker which breaks the cireuit with the desired 
rapidity. | 

An apparatus which I use is constructed as follows, reference 
being had to the accompanying drawings : 

A is the frame or base of the apparatus at the transmitting end. 
B is an induction coil of the usual construction, having the usual 
primary and secondary circuits. C C’, C’ are automatic vibrating elec- 
tro-tomes of the usual construction, which, when in action, produce 
musical tones by the vibration of their circuit-breaking springs. 

These springs are different in size and adjustment, so that they 
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vibrate at different rates, and each electro-(to)me therefore affords 
a tone of a different pitch. 

A series of electrotomes may be provided, which will give tones 
extending through one or more octaves. D D! are telegraph keys 
of the usual construction, which are placed in the primary circuit, 
the said primary circuit being so divided that a part of the circuit 
passes through each key and its corresponding electrotome. 

The keys are used for making connection with the battery. 

When a key is closed, the primary circuit will pass from the 
battery through one (of) the electrotomes C C', by the connection, 
and the cireuit will be automatically broken and closed by the spring 
of the electrotome corresponding to the key depressed in the manner 
well known. 

The spring will therefore vibrate rapidly, and will produce an 
audible tone of a pitch determined by its rate of vibration, and at 

the same time a series of induced currents correspond- 

per ‘Amdt, A, ing in number to the number of audible vibrations in 

eee the tone produced will be induced in the secondary 
circuit of the induction coil B. 

The circuit may be of any desired length. At the receiving sta- 
tion in said circuit is placed an electro-magnet EL, or a coil of wire 
surrounding a bar of tron. The succession of currents transmitted 
from the induction coil will cause the vibration of the core of the 
electroemagnet. or of the bar of ron as be tore explained, and it 
will give forth a musical tone of the same pitch as that produced 
by the vibrating circuit-closer. WS is a hollow box of metal which is 
placed upon the poles of the magnet, and intensifies the tone produced 
by the same. 

It is obvious that by having a series of electrotomes whose vi- 
brating springs give tones of a different pitch, which are properly 
timed, that the electro-magnet can be made to give forth a suc- 
cession of tones constituting a melody, and by having a series of 
circuits and a series of circuit-closers and magnets, @ musical com- 
position of a complicated character can be reproduced at a distance 
from where it is played, or the different parts of a musical compo- 
sition can be played in different places, and be heard in one place 
simultaneously. 

The induced currents being of high tension, can be transmitted 
through considerable resistance, and is much more effective for 
magnetizing the magnet than the primary current. 
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The apparatus can be worked on long circuits with but slight 
battery power at the transmitting station. 

Instead of an automatic electrotome for breaking the circuit, 
mechanical circuit-closers can be used for producing the succession 
of currents in the induction coil, and instead of using a secondary 
coil, the extra or secondary current induced in a primary coil may 
be used. 

This apparatus may be used for various purposes. 

For telegraphing letters and signals may be represented by tones 

of different pitch, which will be readily recognized by 
Erase and insert : : . 
per Amat. A, an expert operator, and said signals can be made to 
| succeed each other with great rapidity. The Morse 
alphabet may be transmitted by interruptions of the proper length 
in a prolonged tone of the same pitch. 

The apparatus can be used on long land lines or on submarine 
cables. 

What I claim as my invention, and desire to secure by letter 
patent of the United States, is: 

First. The method substantially as described of producing 
musical tones by causing the vihration of a bar of tron by transmit- 
ting a series of induced cuvrents through a coil surrounding said bar. 

SECOND. The combination of an apparatus producing induced 
secondary currents, with a series of electrotomes or other circuit- 
breakers, and an electro-magnet arranged in said secondary circuit, 
substantially as and for the purpose set forth. 

In testimony whereof, [ have hereunto signed my name 
this twentieth day of June, A. D. 1874. 
ELIsHa GRAY. 
Witnesses : 
Ewe. A. Dick, 
Henry R. ELLiort. 


City oF WASHINGTON, ?) 
District of Columbia, § 

EnisHa Gray, the above-named petitioner, being duly sworn, de- 
poses and says that he verily believes himself to be the original and 
first inventor of the improvements in apparatus for transmitting 
musical tones by electricity, described and claimed in the foregoing 
specification ; that he does not know and does not believe that the 


’ 
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same was ever before known or used ; and that he is a citizen of the 


United States. 
ELISHA GRAY. 


Sworn to and subscribed before me 
this twentieth day of June, A. D. 
1874. 
Henry R. ELLiort, 
U.S. Com. for the Dist. of Col. 


{Notarial)? 
( Seal. § 


Patent Office. 
- June 27, 1874. ° 
i. a 


3. MOTION TO RE-OPEN. 


In re-applications of Elisha Gray, Appl’s for Transmitting Musi- 
cal Tones by Telegraph referred with endorsements to the Hon. 
Commissioner. 

H. C. TowNnsEnD, 
Ass’t. Exr. in Chg. 


220 KrinzIeE STREET, 
Cuicaaco. Jan. 9, 1875. 


The Honorable The Commissioner of Patents : 

Sir—The two applications filed by Elisha Gray, in June last, for 
letters patent for an improved method of transmitting musical tones 
by electricity, and which were ordered to issue July 12, require 
amendment before the patents are issued, but, for various reasons, 
Mr. Gray has not been able to make these amendments up to this 
time, though he intends to do so in a few days. 

I have therefore to request that the said applications be not for- 
feited by reason of the non-payment of the balance fees on January 
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12, six months from July 12, but that they be returned to the exam- 
iner for action upon the amendments, which I propose to present. 
Respectfully, 
ALEX. L. HAyEs, 
Attorney for Elisha Gray. 


Patent Office, : 
Jan. 12, 1875. : 
: Cae . : 


WASHINGTON, Jan. 12, 1875. 
The Hon. The Commissioner of Patents : 


Sir—In April and June last Elisha Gray, of Chicago, filed two 
applications for letters patent, for a “method of transmitting mu- 
sical tones by electricity,” which applications, after due examina- 
tion, were passed for issue July 11, 1874; the balance fees on the 
same being due Jan. 11, 1875. 

After the allowance of these applications it was found that the 
specifications did not adequately describe the inventions, and that 
amendments to the same were required, which for various reasons 
the inventor was unable to prepare up to January 9, at which date 
I intended to leave Chicago, so as to reach Washington on the 11th, 
and file the amendments before the forfeiture of the applications. 

I was unable to leave until the 10th inst., and, therefore, on the 
9th, addressed a letter to the Patent Office notifying of my inten- 
tion to amend, and requesting that the applications be returned to 
the examiner, and relying upon this letter reaching the Patent Office 
on the 11th in due course of mail. 

This letter was, however, not received until this morning, so that 
the applications were duly forfeited yesterday. 

I have now to request that this delay in the mails which was not 
the fault of the applicant, shall not cause the forfeiture of his appli- 
cations, but that his notification of his intention to amend be con- 
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sidered as if received on the 11th inst., and that the applications be 
returned to the examiner. 
Respectfully, 
AtEx. L. HAyEs, 
Attorney for Elisha Gray, 


Leaving out of consideration the question as to whether a mere 
modification of intention to amend would justify the examiner in 
withdrawing a case from the issue, in order to save it from forfeit- 
ure, it would seem that if the analogous case of Henry H. Blake 
(Commissioner's Decisions for 1873, page 6), may be taken as a 
guide, the present applications must be held to be forfeited. The 
matter is, however, respectfully referred to the Commissioner. 

H. C. TOWNSEND, 
Asst. Exr. in Ch’g. 


Patent Office. 
- Jan. 12, 1875. ° 
i! a. 
4. COMMISSIONER’S DECISION. 
Recorded Vol. 15, p. 358. 


In the matter of the applications of Elisha Gray, filed respect- 
ively April 18th and June 27th, 1874, “apparatus for transmitting 
sound.” 


MorIOoNn. 


The two applications were ordered to issue July 10th, 1874. The 
six months’ limit within which the final fees should have been paid 
expired January 10th, 1875. | 

Applicant moves January 12th, 1875, that the applications be 
returned to the examiner for amendment, and submits in support 
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thereof a letter sent to the Commissioner, dated Chicago, January. —~ 


9, 1875, asking for this action. This letter was not received in the 
office until January 12, and as already stated in the case of H. H. 
Blake, 3 Og., p. 2, the date of filing in the office of a paper must 
control action, and not the apparent date of the instrument. In 
this case it was impossible for the letter to reach the office, in or- 
dinary course of the mails, within the six months. 

The applications must be held to be forfeited, under Sec. 35, of 
the Patent Law. Under this section the Commissioner has no dis- 
cretion; the fee must be paid within the time, if no action is taken 
changing the status of the applications before the office. The rea- 
son for this is evident; the rights of applicants are not finally de- 
termined by such forfeiture, but at any time within two years there- 
after the applications may be revived, simply by the payment of 
new fees. 

The motion is denied. 

J. M. THATCHER, 
Commissioner of Patents. 


January 18, 1875. 


RENEWAL OF APPLICATION. 


PETITION. 
($15 H.) 


To The Commissioner of Patents: 


Your petitioner represents that on June 27th, 1874, he filed an 
application for letters patent for a method of transmitting musical 
tones by electricity, which application was allowed July 11th, 1874, 
but that he failed to make payment of the final fee within the time 
allowed by law. He now makes renewed application for letters pat- 
ent for said invention, and prays that the original specification, 
oath, drawings and model may be used as part of this application. 

Respectfully, 
ELISHA GRAY, 
By his Attorney, 
ALEX. L. HAyeEs. 
Washington, January 19, 1875. 


RM," 
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5. AMENDMENT A AND LETTER. 
* February 3, 1875. 
WASHINGTON, February 2, 1875. 


The Hon. The Commissioner of Patents: 

Sir—In the matter of the application of Elisha Gray for letters 
patent for an improvement in apparatus for transmitting musical 
tones by electricity, filed June 27th, 1874, I hereby amend by can- 
celing the specification except the signature—except the signature 
of the inventor, and substituting the enclosed. 

ELISHA GRAY, 
By his Attorney, 
ALEX. L. HAYEs. 


Patent Office, 
Feb. 3, 1875. 


U.S. A. 


*e@eoeoeee#efee#eee#ee?#ee#teese## 


To All Whom it may Concern: 

Be it known that I, EtisHa Gray, of Chicago, in the County of 
Cook, and State of [hnois, have invented a new and useful appa- 
ratus for transmitting musical vibrations by electricity, of which the 
following is a full, clear and exact description, reference being had 
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to the drawings accompanying and forming part of this specifica- 
tion : 

This invention is based upon the observed fact in electrical 
science, that when an electric current is made to circulate 7” a coil 
of wire susrounding a bar of iron, as, for instance, the core of an 
electro-wagnet, said bar on becoming a magnet will be slightly 

elongated by molecular action, and consequently if the 
Any 3, Bie SC Currents succeed each other rapidly, the said bar or 

core will be made to vibrate, and if the rate of vibra- 
tion exceeds a certain number of times per second, it will give out 
a@ musical tone. 

Upon this principle, an apparatus known as the “telephone” 

has been devised, and is described in Treatise on Electricity, in 
which a diaphragm, by being thrown into vibration by 

Erase and insert i ° . P ; 
per Amd’t_B, the production of a musical tone near the same, is 
~ made to break and close an electric circuit as many 
times per second as there are vibrations per second in the tone 
produced, which interruptions produce a musical tone of corres- 
ponding pitch in a (n) iron bar surrounded by coil of wire, at any 

distance from the diaphragm, on the principle above explained. 

The apparatus is, however, of delicate construction, and does not 
always act with certainty. 

My apparatus is an improved telephone, in which I make use of 
induced secondary currents from either a primary or secondary coil, 
for effecting the vibrating bar or core of the vibrating electro-mag- 
net, and cause the necessary succession of said currents by interrup- 
tions in a primary circuit made by an automatic mechanical circuit- 
closer. 

In the drawings accompanying this specification, Fig. 1, sheet 1, 
is a view showing the transmitting apparatus and its connections in 
plan, and the receiving apparatus in elevation, and Fig. 1, sheet 2, 
is a view showing the transmitting apparatus in perspective. 

The apparatus is constructed as follows: 

A is the frame or base of the apparatus at the transmitting sta- 
tion. Bis an induction coil of the usual construction, having the 
usual primary and secondary circuits. C C! are automatic vibrating 
electrotomes of the usual construction in which the vibrating cireuit 
closing springs are so adjusted, that when in action they produce 
musical tones, which, from the difference in adjustment, and in the 
length and thickness of the springs are of different pitch. The 
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number of these electrotomes may be increased so that tones 
extending through two or more octaves may be produced. 

D D are telegraph keys of the usual form, which are placed in 

the said primary circuit, and the primary circuit is so 
Amd't A Febru. divided that a part of the circuit passes through each 
key and its corresponding electrotome. 

These keys make and break the battery connection. 

The operation is as follows: 
When a key is closed, the primary circuit will pass from the 
battery through one of the electrotomes C or C!, and 
Erase and insert 7 rt. ° 
per Ama’t B, ts connections corresponding to the key depressed, and 
the primary circuit will be automatically interrupted in 
usual manner. 

The spring will therefore be thrown into rapid vibration as long 
as the circuit is closed at the key, and an audible tone of a pitch 
determined by the rate of vibration of the spring will be produced, 
while at the same time a series of induced currents corresponding 
in number to the number of audible vibrations in the tone will be 
induced in the secondary circuit of the induction coil B. 

This cireuit may be extended to any distance from the trans- 
mitting station. At the receiving station in said circuit is placed an 
electro-magnet EL, ora coil of wire surrounding a bar of wron, and 
said bar or electro-magnet will vibrate as many times per second as 
there are interruptions in the current, and consequently will give 
forth a musical tone of the same pitch as that given by the circuit- 
closing spring as before explained. 

S is a hollow cylinder of metal, which is placed on the poles 
of the magnet, and intensifies the sound produced by the same. 

It is obvious that if a series of electrotomes is provided, con- 
nected as before stated, each of whose springs gives tones of differ- 
ent pitch, that the electro-magnet can be made to give forth corres- 
ponding tones by depressing the key and closing the circuit through 
the electrotome which gives any particular note, and this way the 
melody which can be produced by means of the electrotomes at the 
transmitting station can be reproduced on the electro-magnet at 
the receiving station. ° 

By having a series of electrotomes or circuit-breakers with their 
corresponding induction apparatus and a series of receiving magnets 
connected in independent circuits, a musical composition containing 

chords can be transmitted, or the different parts of a 


Airy 3.185 ~—Ss COMposition, played simultaneously at different places 
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can be reproduced at one place or by means of switches, the same or / 
different parts of a composition can be played at different places at 
a distance from each other in turn. 
Many other remarkable effects may be produced. 
The advantage cf using induced currents is, that they can be 
transmitted through considerable resistance owing to 
per An dt B, their high tension, and also, that they are more effec- 
| tive for magnetizing the electro-magnet, thereby en- 
abling the apparatus to be operated with but smali battery power. 

Mechanical circuit-closers may be used for making the necessary 
interruptions in the primary circuit of the induction apparatus, and 
instead of using the secondary current of the secondary coil, the 
secondary or extra current of a primary coil may be used. 

The apparatus can be used for telegraphing on long land or sub- 
marine lines. 

When used for telegraphing, letters and signals can be repre- 
sented by tones differing in pitch, or Morse signals can be made by 
short and long interruptions in a prolonged tone of the same 
pitch. 

What I claim as my invention, and desire to secure by letters 
patent, is: 

First. The method, substantially as described, of producing 
musical tones by the vibration of a bar of iron surrounded by a coil 

of wire or an electro-magnet, by transmitting a series of 
A 3 ie = Induced currents corresponding in number per second 

to the number of audible vibrations per second in the 
tone produced through said coil or electro-magnet. 

SEconD. The combination of an apparatus producing induced 

: secondary currents with a series of electrotomes or 
Erase and insert : ; ‘ 
per Amat B, other circuit breakers, and an electro-magnet or series 
of electro-magnets arranged in said secondary circuit, 
substantially as and for the purpose set forth. 
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6. ASSOCIATE TO HILL & ELLSWORTH, 


Wasuinaton, D. C., March 16, 1875. 
To The Commissioner of Patents : 
Sir—lI hereby authorize Hill & Ellsworth to examine any papers, 
&c., filed with the applications of Elisha Gray for telephone. 
ALEX. L. HAyEs, 
Attorney for E. Gray. 


7. REJECTION. 
March 29, 1875. 


No.1. 67-46-1. 
Copy sent March 29. 
I. BR. A. 
Send to Hill & Ellsworth. 


EXAMINER'S Room, No. 118, ? 
U.S. Patent Office, > 
Washington, D. C., March 29th, 1875. § 
E. GRay, 
Care A. L. Hayes, 
Boston, Mass. 
Apparatus for transmitting musical tones by electricity, filed 
June 27th, 1874, renewed January 19th, 1875. 
Applicant’s attention is called to the words 
magnets” in second claim. These are substantially new matter not 


+ yy 
‘or serves of electro- 


in claims originally allowed, and not based on anything in the speci- 
fication. In fact, the main difference between this and applicant's 
later case, is, that in this one main circuit and one receiver respond- 
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ing to all notes is used, in the latter one, in one main circuit several 
receivers, each responding to one note only are used. The words 
quoted obliterate this distinction. With these words in the claim it 
is rejected. | 
Applicant’s attention is called to the paragraph concerning me- 
chanical circuit-breakers, on p. 7 of specification, and to the remarks 
on the subject in letter of this date in first case. Another app’'t 
shows, describes and claims what is therein suggested. 
Z. WILBUR, 
Examiner. 


POWER OF ATTORNEY. 
ELIsHA GRAY, TRANSMITTING Musicat Tones By ELECTRICITY. 


Filed June 27, 1874. 


Case 2. 
(Form No. 6. Power cf Attorney.) 


In the United States Patent Office. 


In the matter of the application of Elisha Gray, of Chicago, Illinois, 
for Letters Patent of the United States, for apparatus for 
transmitting musical tones by electricity, filed June 27, 1874. 


WASHINGTON, June 11, 1875. 


Lo the Commissioner of Patents : 


The undersigned hereby makes, constitutes and appoints Wil- 
liam D. Baldwin, of Washington City, in the District of Columbia, 
his attorney with full power and authority of substitution and rev- 
ocation to prosecute said application, to make alterations and 
amendments therein, to receive the patent, and to transact all busi- 
ness connected therewith in the Patent Office; and hereby revokes 
any and all powers of attorney heretofore given. 

Applicant sign : 
ELisHa Gray. 

I concur in the above. 

Assignees sign : 
SAMUEL S. WHI7E. 


x 
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Patent Office, 
- June 12, 1875. ° 
— ° ae 
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8. AMENDMENT B AND LETTER. 
June 22, 1875. 


In the United States Patent Office. 


In the matter of the application of Elisha Gray, for letters patent 
for apparatus for transmitting musical tones by electricity, 
filed June 27th, 1874. 


WasuHineton, D. C., June 22, 1875. 
Lo the Commissioner of Patents : 

Sir—In view of official suggestions, an amended specification is 
herewith filed in the above-mentioned application, without waiving 
applicant’s rights in the premises. Applications will hereafter be 
filed claiming the multiple transmitter, the mechanical circuit- 
breaker, and the organ pipe circuit interrupter. 

Respectfully yours, 
ELISHA GRAY, 
By his Attorney, 
Wiiu1am D. Batpwin. 
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- Patent Office, 
* June 22, 1875, : 
- USA : 


Case 2. 
(Form No. 2. Amendment.) 


In the United States Patent Office. 


In the matter of the application of Elisha Gray, for letters patent 
for apparatus for transmitting musical tones by electricity, 


filed June 27, 1874. 


: WasuHinaton, D. C., June 21, 1875. 
To The Commissioner of Patents : 


Sir—Amend the above-menticned application as follows: Sub- 
stitute for the specification heretofore filed the following : 


Lo all whom it may concern ? 


a Be it known that I, ExisHa Gray, of Chicago, in the 

County of Cook, and State of Illinois, have invented 
a certain new and usefulapparatus for transmitting musical impres- 
sions or sounds telegraphically, of which I hereby declare the fol- 
lowing to be a full, clear and exact description. 

My invention relates to what I term an “ electro-harmonic ” tele- 
graph, and is based upon the fact well known to electricians, that 
an electro-magnet elongates under the action of the electric current, 
and contracts again when the current ceases, consequently a succes- 
sion of impulses or interruptions will cause the magnet to vibrate ; 
and if these vibrations be of sufficient frequency, a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 
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I claima as my own invention: 
The improved apparatus for transmitting musical 
Ama’t .B June impressions or sounds telegraphically, hereinbefore set 
forth, consisting of the combination of a telegraphic 
circuit, an automatic circuit-breaker capable of producing a. mu- 
sical tone, and an electro-magnet receiver which repro- 
Erase per Amdt duces the tone by vibrations caused by impulses gen- 
erated by the circuit-breaker, substantially as de- 
scribed. 
(I also claimt) the combination of a telegraphic circuit, a series 
of circuit-breakers capable of producing musical tones 
“Anrdt H, July Of different pitch, a series of keys for simultaneously 
rs or successively throwing said circuit-breakers into or 
out of operation, and an electro-magnet receiver, which is thrown 
into operation by the transmitters; whereby tones of 
“Anra't D, my different pitch may (simultaneously or successivelyt) 
be reproduced at the receiving end of the line by the 
employment of a single circuit. 
ELisHa GRAY. 
Witnesses : 
E. C. Davripson. 
Wm. J. PEYTON. 


DIsTRICT OF COLUMBIA, SS.: 


EvisHA Gray, whose application for letters patent for apparatus 
for transmitting musical tones by electricity was filed in the United 
States Patent Office, on or about the 27th day of June, 1874, being 
duly sworn, deposes and says that in addition to the claims origin- 
ally made, he verily believes himself to be the original and first in- 
ventor of the improvement as described and claimed in the forego- 
ing amendment, and that he does not know, and does not believe 
that the same was ever before known or used. 

ELIsHA GRAY. 
Sworn to and subscribed 
before me this 21st day 
of June, 1875. 
DeEtoziER Davipson, 
na Notary Public. 


i Seal. } 
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Patent Office, 
: June 22, 1875. : 
U.S. A. 


9. OFFICE LETTER. 


July 7, 1875. 
(No. 1.) 
Copy sent July 7th, 
I. BR. A. 


EXAMINER'S Room No. 118, 
U.S. Patent Office, 
Washington, D. C., July 7, 1875. 


ELISHA GRAY, 
Care W. D. Baldwin, 
Present. 


TRANSMITTING MusicaALt ToNnES BY ELECTRICITY. 


JANUARY 19, 1875. 


The first claim in this case covers matter interfering with other 
applications on file. 

The second is thought to be clear of interference covering the 
combination with several transmitters of one receiver. The distinc- 
tion would be clearer, were the words “ one electro-magnet receiver 
thrown into operation by the impulses sent from any of the trans- 
mitters ” substituted for “an electro-magnet receiver,’ &c. In the 
latter part of second claim occur the words “simultaneously or 
successively,” it is not seen how applicant’s single receiver repro- 


duces “simultaneously ” several notes or tones. 
Upon the subject of a disclaimer, reference is made to letter in 
other (original case) of even date herewith. 


Z. WILBER, 
Examiner. 
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10. AMENDMENTS C. D. 
July 20, 1875. 


United States Patent Office. 


In the matter of the application of Elisha Gray, for letters patent 
for transmitting musical tones by electricity, filed Jan. 19, 


1875. Originally filed June 27th, 1874. 


(Case 2.) 


Wasuinaton, D. C., July 20, 1875. 
To the Commissioner of Patents : 


Sir—Amend the specification of the above-mentioned application 
as follows: 

After page 5, insert the following disclaimer : 

“Neither do I claim herein the combination with a main line 

of an intermittent circuit-breaker or a series thereof, 
Am te’ °“Y each adapted to throw upon the line a definite number 
of electrical impulses per unit of time, and a key or 
tH Juy keys, one for and controlling each such circuit-breaker, 
=e as it constitutes the subject matter of another applica- 
cation filed by me, February 23, 1875."* 
Claim 2, lines 9 and 10 erased (‘‘ simultaneously or 
tAm'as> Suly ~=ssuccessively "’).t 

The above amendments are submitted in view of the official let- 
ter of July 7, 1875. The first claim, it will be observed, is for the 
improved apparatus set forth, and embodies one electro-magnet re- 
ceiver only, there being no other shown or described. 

A re-examination is therefore requested to determine whether, 
in view of this fact, applicant is not entitled to the claim without an 
interference. 

Respectfully, 
ELISHA GRAY. 
By his Attorney, 
Wm. D. BaLpwin. 
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MAGNET RECEIVER APPLICATION. 


- Patent Office, 
July 20, 1875, 
eh * 


11. AMENDMENTS E, F, G, H. 
July 24, 1875. 
In the United States Patent Office. 


In the matter of Application of Elisha Gray, for letters patent for 
transmitting musical tones by electricity, filed Jan. 19th, 
1875. Originally filed June 27th, 1874. 


(Case 2.) 


WASHINGTON, D. C., July 24, 1875. 
Lo the Commissioner of Patents : 
Amend the specification of the above-mentioned application as 


follows: 
“at jy =(Page 2, cancel lines 17 to 23, both inclusive. )* 


oe 
4 * 
se 


Insert immediately before the claim and after the disclaime: 
July 20th, 1875, the following: 

“The combination of a telegraphic circuit, an automatic circuit- 
breaker, capable of producing a musical tone and an electro-magnet 
Amdt ¥. Jay yeceiver, which reproduces the tone by being thrown 
into vibration by impulses generated by the circuit breaker, is not 
broadly claimed herein, as thiscombination constitutes a part of the 
subject matter of said application also.” 
tam'd't G, July = Page 6 (cancel the first clause of claim).t 
*Am'd't H, July Page 6, line 11, erase (“I also claim”).} 

Very respectfully, 
ELISHA GRAY. 
By his Attorney, 
Wm. D. Batpwin. 
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Memorandum of fee paid at U. 8S. Patent Office. 


Inventor, E. Gray. 
Patent to be issued to 
Invention, 
Transmitting Musical Tones by Electricity (Case 2). 
Date of payment, 
July 24th, °75. 
Second fee, 
$20. 

Solicitor, 

Wm. D. Baldwin. 
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Petition, June 27, 1874. 
Petition, January 19, 1875. 
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1 Addl Fee Cert., Cash, $20, July 24, 1875. 
Examined, July 10, 1874, Wilbur. 


Examined, July 24th, 1875, Wilbur. 
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Recorded, Vol. 
Circular, July 11, 1874. 


1 Application, 1 paper. 
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IMPROVEMENT IN ELEctTrRIC TELEGRAPHS FOR ‘TRANSMITTING MUSICAL 
TONES. 
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‘GRAYS PRINTER PATENT.” 371 


/ 


(No. 54e.) Defendants’ Exhibit, ‘‘Gray’s Printer. 
Patent.” J. A. W., Sp. Examiner. g 


[Introduced in Record, p. 12.] 


ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 
YORK CITY. 


IMPROVEMENT IN ELECTRO-HARMONIC PRINTING TELEGRAPHS. 


Specification forming part of Letters Patent No. 179,549, dated July 
4, 1876; application filed April 12, 1876. 


To all whom it may concern : 


Be it known that I, ExisHa Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful art of 
Klectro-Harmonic Telegraph Printing and an Improved Electro- 
Harmonic Telegraph Printing Apparatus, of which the following is 
a specification : 

My present invention is based upon a system of electro-har- 
monic telegraphy, described in sundry letters patent of the United 
States granted to me within the past year, and in various applica- 
tions for letters patent of the United States made by me and now 
pending. 

The objects of invention are, first, to adapt my electro-harmonic 
system of telegraphy to the printing of a message by means of in- 
dependently movable type, and by means of mechanism thrown 
into action by the depression of a key at the transmitting station, 
without necessitating the employment of isochronously moving type 
wheels, or of waiting for mechanism to register accurately before 
printing ; second, to print a message on the letter sheet, type-writer 
fashion, by the direct operation of keys at the transmitting station 
controlling local batteries actuating the printing mechanism ; 
third, to transmit a series of tones of different pitch through an elec- 
tric circuit, each tone independently actuating a local battery, to 
print a letter, sign or character corresponding with that of the par- 
ticular key controlling the tone; fourth, to determine in advance, 
through the action of a local battery, which one of the series of let- 
ters, numbers or characters actuated by a common motor shail be 
printed ; fifth, to determine in advance the point on the letter sheet 
at which the printing of the message shall begin ; sixth, to move a 
particular type to the point at which the printing is done, and there 
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to make its impression upon the paper by means of mechanism 
thrown into action by the movement of the type itself; seventh, to 
feed the paper upon which the message is printed by mechanism 
thrown into operation by the printing of the preceding letter ; 
eighth, to determine in advance what particular letter of a series 
shall be printed, to actuate the printing mechanism by the move- 
ment of the particular type selected, and to actuate the feeding 
mechanism by the type thus selected ; and, ninth, to control the 
printing mechanism by means of a compound magnet, constituting 
in fact a single one. 

These objects I attain by certain novel apparatus hereinafter set 
forth, the novel construction and combinations of which apparatus 
form a portion of the subject matter of my invention, which is here- 
inafter specifically designated. 

The accompanying drawings represent an apparatus embodying 
all my improvements in the best way now known to me. Obviously, 
however, the details of construction of the apparatus may be greatly 
varied in various ways without departing from the principle of my 
invention ; and some of my improvements may be used without the 
others, and in apparatus differing in construction from that herein 
shown. 

My improved apparatus consists of two main portions—a _ trans- 
mitter and a receiver. 

Figure 1 represents a plan or top view of the transmitter, with 
portions of the casing removed to show the internal construction 
more clearly. Fig. 2 represents a vertical longitudinal section 
through the transmitter, on the line 11 of Fig. 1. Fig. 31s a bot- 
tom plan view of the transmitter, showing the method of running 
the circuits. Fig. 41s a back view of one set of transmitting reeds. 
Fig. 51s a diagram showing the method of running the main and 
local circuits through a single transmitting key and vibrating reed 
of aseries. Fig. 6 is a plan or top view of the receiving apparatus, 
on the line 2 2 of Fig. 10. Fig. 7 is a bottom plan view of the top 
plate of the receiver. Fig. 8 is a vertical longitudinal section there- 
through, on the line 4 4 of Fig. 7. Fig. 9 is a transverse section on 
the line 5 5 of Fig. 8. Fig. 10 is a vertical longitudinal section on 
the line 3 5 of Fig. 6. Fig. 11 is a top view of the apparatus for 
carrying the paper, and Fig. 11*is a vertical transverse section there- 
through on the line 6 6 of Fig. 11. Fig. 12 is a detailed view of a 
portion of the local cireuit-breaking mechanism which releases the 
paper-carrying mechanism. Fig. 13 is a similar view of another 
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portion of the same apparatus. Fig. 14 is a detailed view of the 
paper-feeding apparatus for spacing the lines of the message. Fig. 
15 is a bottom plan view of the parts shown in Fig. 6, showing the 
mode of running the cireuits. Fig. 16 is a detailed view showing 
the method of running the circuits of the printing and paper-feed- 
ing mechanism. Fig. 17 is a skeleton diagram of the receiving and 
transmitting mechanisms, showing the method of connecting the 
circuits. Fig. 18 is an end view,and Fig. 19 a side view, of the 
compound analyzing receiver. Figs. 20 and 21 are detailed views 
of the shunting pins of the analyzing spring, and Fig.22 shows a 
plan view of a star wheel for actuating the type-shifting levers de- 
tached. 

The transmitting apparatus shown in the accompanying draw- 
ings is substantially similar, in its general construction, to that 
shown in Letters Patent of the United States granted to me Febru- 
ary 16, 1876, as No. 173,618, with the exception hereinafter stated. 

In this instance the apparatus is designed for printing twenty- 
seven characters, and for operating a tripping apparatus whereby 
the printing mechanism at the receiving end of the line may be au- 
tomatically restored to its normal position during any portion of its 
operation of printing a line. 

In order to avoid the complication of using twenty-eight different 
keys and their corresponding transmitting reeds, I have devised 
means whereby the whole twenty-eight characters may be _ trans- 
mitted by the employment of nine primary keys, three shifting keys, 
and a “trip key,” thus reducing the number of keys employed mvre 
than one half. 

The primary keys are each marked with three letters, numbers or 
characters, and together with the trip-key and shifting keys are ar- 
ranged organ-fashion, as shown in Fig. 1, on a suitable base-board 
or frame A, upon which the transmitting-reeds are mounted, in the 
manner shown in the drawings. 

In order to secure convenience of construction, and « compact 
arrangement, the series of transmitting reeds are arranged in two 
sets B B’, of similar construction mounted upon the base-board of 
the frame, as shown. | 

The broken lines in Fig. 1 represent the connection of the keys 
with the transmitters. Fig. 3 shows a view of the connections as 
arranged beneath the base-board directly under the transmitters. 
Fig. 5 shows a method in which, the main and local batteries are 
connected with a single key and vibrating reed of the circuit. Each 
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one is a duplicate of the other, and their circuit connections are 
substantially similar to those shown and described in my patent of 
February 16, 1876, above mentioned ; and as they, moreover, will 
be readily understood from the figure, a detail description of the 
construction and operation of these parts is deemed unnecessary. — 

In the operation of this apparatus the circuit is normally open, 
but the depression of any key connects the main battery to line 
through its corresponding transmitter. Each of the thirteen keys 
above mentioned has its own independent analyzer at the receiving 
end of the line. 

In the present arrangement the organization is such that there are 
twenty-seven printing type at the receiving end of the line, corre- 
sponding with the lettered keys, as will hereinafter be more fully 
explained. 

These type are arranged in sets of three, one of each set being 
operated by each lettered key. Which one of these three letters 
shall be printed is determined by depressing one of the shifting keys 
1, 2, 3, which operate the type-shifting mechanism of the receiver 
insuch manner that, in the present instance, when the key 1 is de- 
pressed, the depression of the lettered keys will print the letters on 
the row included between the letters EK and N in Fig. 1. When key 
2 is depressed the middle row of letters only will be printed at the 
receiving end of the line; and when key 3 is depressed, the type 
corresponding with the outer row only will be acted upon. When 
the key marked ‘ trip is depressed, it operates to restore the paper- 
carrying mechanism to its normal position or starting point, as will 
be hereinafter more fully explained. 

In the organization shown in the drawings the keys 1, 2, 3, are 
operated independently of the lettered keys or trip-key; but when 
either of said numbered keys is depressed, it makes no difference 
where the lettered keys are touched, as they can only print the let- 
ter of the row corresponding with the numbered key depressed. 

As a modification of this device I contemplate so constructing 
and combining the keys that each letter shall be mounted on an in- 
dependent movable section, attached to the key by a movable con- 
nection, in such manner that when a particular letter is depressed 
it shall operate the correspondingly numbered key, and thus cause 
it to shift the proper type without the necessity of touching both 
the lettered and the trip-key, as is necessary under the organization 
shown in the drawings. 

This result can readily be attained in two ways: first, by means 
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of a contact point on the key which shall close the circuit or tone 
of the properly numbered key, thus actuating the type-shifter at the 
receiving end of the line before the lettered key closes its own cir- 
cult to actuate the type. This result may also be attained by com- 
bining levers or other suitable devices connecting each key with the 
contact point of the numbered key, although I prefer the first men- 
tioned plan, as being less complicated. 

The manner in which the transmitters and receivers are con- 
nected will readily be understood by inspection of Fig. 17, in which 
1,2 and 3 represent the numbered keys and N W a lettered key, 
should be stated, however, that the local battery of the transmitter 
is omitted in this figure to avoid complication, but it is shown in 
Fig. 5. ‘The depression of either key closes both the main and local 
circuits of the transmitter, and sends to line vibrations or impalses 
of the electrotome or vibrating reed corresponding with the key. 
These vibrations pass through the magnet C C!, of the analyzing re- 
ceiver, and are reproduced on the corresponding vibrating tuned 
bar or reed 1, 2, 3, or N. W. Each bar is provided with a circuit- 
breaking lever B, vibrating more slowly than the bar, as described 
in Letters Patent No. 166,094, granted to me July 27, 1875. These 
circuit-breaking levers control] a local battery, L B No. 1, which re- 
mains normally closed and in short cireulited through the vibrating 
bars or analyzing springs and levers above mentioned. Each analy- 
zing spring is provided with a loop passing through a corresponding 
local magnet, 1, 10, 11, or 12, the terminals of which loop connect, 
respectively, to the analyzing spring and with its circuit-breaking 
lever, so that when the cireuit-breaking lever is out of contact with 
its vibrating bar, the shunt or short circuit is taken off from its cor- 
responding magnet, and the current flows through the magnet; but 
when the vibrating bar and circuit-bréaking lever are in contrcet, the 
shunt comes into play and no current passes through the magnet. 

The circuit-breaking devices, as above remarked, are shown in 
my patent of July 27, 1875; but the method of running the circuits 
and actuating the magnets herein shown is new. 

Four vibrating bars only are shown on Fig. 17 to avoid compli- 
cation, but will, of course, be understood that the bars will corre- 
spond in number with their transmitting keys—that 1s to say, in the 
present instance, there would be thirteen in number, each bar hay- 
ing its own loop and local magnet. In this instance nine magnets 
three for the shifting mechan- 


are employed for actuating the type 
ism, and one for the tripping mechanism. 
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In Fig. 6 the relative arrangements of the nine type actuating 
magnets 1 to 9, and the shifting magnets, 10, 11 and 12 are clearly 
shown. 

Having thus indicated in a general way the method of running 
the circuits, I will now proceed to describe the details of the receiv- 
ing apparatus. 

I will first describe the compound magnet C C!, by which the 
vibrating bars are actuated. : 

In another application for letters patent of the United States 
filed by me simultaneously herewith, I have shown a different 
method of mounting a series of vibrating bars or analyzing receivers, 
each tuned to a different pitch upon a common magnet, so that 
each will analyze its own tone from a series simultaneously trans- 
mitted through the single magnet. I do not, therefore, broadly 
claim in this application this device, except in combination with 
other mechanism not shown in the application above mentioned. 
In this instance the magnets C C! are mounted upon bars C? C3 
connecting, their respective poles and mounted in a frame D (see 
Figs. 18 and 19), which also show a method of mounting the vibrat- 
ing bars and circuit-breaking springs. 

It should be observed that the bar marked 14 in Fig. 18 is in- 
operative in the organization hereinbefore described, having no 
corresponding transmitter. The bars are connected with the frame 
by means of insulated pins D D' (shown in Figs. 20 and 21), one 
set of pins being made adjustable, as shown in Figs. 18 and 19, by 
set screws, or otherwise, and admit of the proper tuning of the bars 
to correspond with their transmitters. 

I will now proceed to describe the organization I have effected 
for actuating the type-shifting and type-actuating mechanism, so as 
to cause one lever to actuate either one of three type. 

Fig. 7 represents a plan view of the type bed showing a series 
of guideways or grooves radiating from a common centre, in each 
of which a type slides freely endwise. In the present instance the 
organization is such that each type successively moves to acommon 
centre and is struck up against a platen to make an impression on 
the paper carried thereby, and is then retracted out of the way of 
the succeeding one, all these operations being performed automati- 
cally. In this instance the type is shown as made in the form of a 
bent lever, with the letter put on the end of the short arm of the 
lever, as moving forward radially to their working position, and 
then, being struck laterally to make their impression, retracting in 
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the same way as they advance. The type are actuated by a vibrat- 
: ing shifter lever, which I will now describe. 

The details of the shifting mechanism are shown in Figs. 6, 7, 8, 
9, 10, 17 and 22. In this instance the. twenty-seven type shown in 
figure 7 are arranged in sets of three, corresponding with the re- 
spective transmitting keys. 

The operation of the type-shifting and printing mechanism will 
readily be understood by reference to Fig. 17 which shows the three 


print the letter N the key 1 is first depressed, thus sending vibra- 
tions to line synchronizing with the fundamental of the reed 3a. 
This takes off the shunt from the corresponding loop at the point 
where the vibrating lever / comes in contact with the bar, and allows 
the current of the local battery to pass through the magnet 10 of 
the series of shifting magnets 10,11 and 12. A lever, E, on the 
armature of this magnet is thus attracted toward it and vibrates a 
shifter frame, E, upon a vertical rock shaft 7, carrying a star wheel 
I, having nine arms radially slotted to correspond with each set of 
the type actuating magnets 1 to 9 inclusive. On the armature of 
each of these magnets is mounted a rod L, movable radially, and 
endwise in the frame M, and carrying upon it a rocking shifter bar 
projecting both above and below it. The lower end of this bar 
slides in the corresponding slot in the star wheel above mentioned, 
while its upper end moves in a path coincident with one or the 
other of the type-slides in which it is adapted to work, as shown in 
Fig. 9. 

Now when the armature lever E is attracted, as above explained, 
the rocking of the shifting frame EH’ causes a partial rotation of ¢! 
star wheel, which correspondingly shifts the position of the whole 
series of shifter bars. In this instance the bar described would be 
shifted to the position shown in dotted lines, Fig. 9, marked with 
the letter N, which would correspond with the position of that 
letter in Fig. 7 and each shifter bar would occupy the same relation 
to the letters included between E and N of Fig. 1. Were the shifter 
bar vertical or on the letter W, each shifter bar would occupy a 
corresponding relation to the middle row of letters in’ Fig. 1, and so 
in regard to the outer row. This movement takes place before the 
type actuating mechanism begins to operate, and consequently this 
movement is exerted upon the type or series  * types previously cde- 


termined by the shifting mechanism. 
The armature H of the magnet 1 is connected with and actu- 


type-shifting keys 1, 2, 3, and a letter key, N W. If it is desired to | 
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ates the slide bar above mentioned, which carries the shifter bar. 
In this instance as soon as the shifting bar is shifted in line with 
the type the armature H is attracted by the magnet 1 which forces 
the sliding rod L and shifter forward against the type, thus driving 
it forward in its groove to the central point of the machine where 
the impression is made. At this moment a contact point 7, on the 
armature H, strikes a point which closes the circuit of the inde- 
pendent local battery and actuates a series of electro-magnets, 15, 
14 and 13, the two latter operating on one armature. The attrac- 
tion of the armature 1 by the magnet 15 throws up a printing lever 
[’ which strikes the type up against the paper carried on a platen 
J, and makes the impression at the same time the magnets 13 and 
14 draw down their armature K, Fig. 10. Which retracts the pawl 
/: operating on a spur-pinion L, gearing into a feeding rack /, con- 
nected with the paper-carrying mechanism. As soon as the key is re- 
leased at the transmitting station the circuit is shunted, thus releas- 
ing the type actuating armature of the magnet figure 1, and breaking 
the cireuit of the printing and paper-feeding magnets 13, 14 and 15, 
which allows the type to drop and be retracted by its spring M’ to 
its normal position. <A spring A’, then retracts the armature K of 
the magnets 13 and 14, forcing the pawl! forward and actuating the 
feed bar and moving the paper-carrying mechanism forward a dis- 
tance sufficient to afford space for the next letter, in a manner sim1- 
lar to an ordinary writer. This process is repeated with each 
successive letter. 

When the paper carrying mechanism has been fed along a dis- 
tance equal to the length of the line which the machine is adjusted 
to print, the feed carriage N strikes a lug o on a sliding bar, O, and 
moves it endwise in its frame until its point o’ comes in contact 
with a spring p, which closes the local battery of the magnet 16. 
This draws down an armature mounted ona lever, R, rocking on a 
pivot 7, and carrying the gear wheel above mentioned, which act- 
uates the feed bar. The drawing down of the armature lifts this 
gear out of contact with the feed bar, and the paper-carrying 
mechanism is immediately retracted by the spring EF’. The platen 
in this instance consists of a roller around which the paper passes, 
which roller rotates in bearings in the sliding earriage. During its 
forward movement the platen is prevented from rotating by means 
of a series of pins, s, on a wheel, S, on the same axis as the 
platen, which pins pass on each side of a guide bar S’.. On the back- 
ward movement of the sliding carriage, however, one of these pins 
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strikes against a pivoted spring-switch, ¢, under the guide bar, 
which deflects the pins and turns the platen a distance equal to that 
desired for the distance between the rows of type. On the next 
forward movement of the feeding carriage the point of the s spring 
switch yields to allow the pin to pass without turning the platen, 
and as soon as the pins pass the point of the switch, it is thrown 
open again by a spring in readiness for the next backward move- 
ment of the carriage after the printing of the line is complet: d. 

The carriage can be thrown back at any desired point in the line 
by pressing the trip key of the transmitter, which, through a corre- 
sponding analyzing spring in the receiver, throws the local circuit 
into connection with the magnet 16 in the same manner as that 
described as taking place by the operation of the sliding bar, thus 
releasing the sliding carriage and allowing it to return to its starting 
point. 

It will thus be observed that the operator at the transmitting 
station is not only enabled to print at the receiving station any let- 
ter desired and automatically to shift the paper to commence a new 
line, type-writer fashion, but he is also enabled to shift the sliding 
carriage at the receiving station at will by means of his trip-key to 
commence a new line. 

I propose to employ a ribbon fed between the paper and the 
type by well-known mechanical means, such as commonly used in 
tvpe-writers, which, to avoid complication, is not shown in the 
drawings, and which needs no description. 

I contemplate using a web or long strip of paper, SO as to dis- 
pense with the constant watching of the receiving instrument, by 
the attendant, and by means of the trip-key above mentioned 
paper cal be fed along, so as to leave a Space between each mes- 
sage, to permit of their being separated and delivered without re- 
writing. 

I am thus enabled by my invention not only to print a telegraph 
message without the use of a type-wheel and without tiie use of 
synchronously moving step by step (or steadily revolving) mechan 
ism. such as has heretofore been universally employed, so far as m1 
ne type 
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knowledge extends, and thus save the time necessary fo! 
to come into position, the operator's ability to transmit being, thus 
by my invention, the only limit to the speed of the apparatus 

I am also enabled by my invention to print messages in the 
form of a page or letter sheet in contradistinction to printing, in a 
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single line and on a narrow strip as heretofore has been the case. 
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[ am further enabled to determine in advance by the transmis- 
sion of one tone, which one of the series of type shall move to 
make its impression, by throwing it into connection with mechan- 
ism actuated by the tone appropriated to the particular type to be 
printed. 

I claim as my invention— 

lL. The hereinbefore described art of electro-harmonic telegtaph 
printing, which consists in printing each letter at the receiving 
station by the direct and instantaneous action of a local battery 
controlled by a key at the transmitting station corresponding with 
said letter. 

2. The hereinbefore described art of electro-harmonic telegraph 
printing which consists in printing a message ona letter sheet, 
type-writer fashion, by the direct operation of the keys at the trans- 
mitting station controlling local batteries actuating the printing 
mechanism. 

3. The hereinbefore described art of electro-harmonic telegraph 
printing which consists in transmitting tones of different pitch 
through an electric circuit by means of corresponding keys, and re- 
producing said tones at the receiving station as a means of actuating 
local batteries controlling printing mechanism, which prints a letter 
corresponding with that of the key controlling the particular tone 
which throws the local battery into operation. 

t. The hereinbefore-deseribed art of electro-harmonic telegraph 
printing, which consists in determining in advance, through the ac- 
tion of one local battery, which one of the series of letters, numbers 
or characters shall be printed by mechanism actuated by another 
local battery. 

5. The improved art of electro-harmonic telegraph printing, 
which consists in determining in advance, by means of one local 
battery, the point at which the printing of the message by another 
local battery shall begin. 

6. ‘The hereinbefore-described art of electro-harmonic telegraph 
printing, which consists in throwing forward a particular type to be 
printed by one local battery, and making an impression by that par- 
ticular type by another local battery, automatically thrown into ac- 
tion by the movement of the tvpe. 
¢. The hereinbefore-described art of electro-harmonic telegraph 
printing which consists in feeding forward the paper upon which the 
message 1s printed by mechanism thrown into operation by a local 
battery controlled by the printing of the preceding letter, 
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8. The hereinbefore-described art of electro-harmonic telegraph 
printing, which consists in touching a key which transmits a partie- 
ular tone, by which one local battery determines in advance what 
particular letter shall be printed ; carries forward the type selected, 
which in turn actuates another local battery, which makes the im- 
pression and controls the feeding mechanism. 

9. The combination, substantially as hereinbefore set forth, of a 
reciprocating type, moved in one direction by the armature of the 
electro-magnet and in the other by a spring. 

10. ‘The combination, substantially as hereinbefore set forth, of 
the armature of the magnet, the endwise moving frame, the type 
printed thereon, and the retracting spring attached directly to the 
type. 

11. The combination, substantially as hereinbefore set forth, of 
wu series of type, movable radially relatively to a common centre, a 
shipper acting upon one of the series, and a series of electro-magnets 
which control the action of the shipper. 

12. The combination, substantially as hereinbefore set forth, of 
a series of type, a carrier or shifter bar acting upon either one of 
said type, a series of electro-magnets which control the selection of 
the type to be acted upon, and a second electro-magnet, which act- 
uates the type selected. 

13. The combination, substantially as hereinbefore set forth, of a 
series of type, a shifting carrier acting upon one of the types of the 
series, a series of electro-magnets which select the type to be acted 
upon, a second electro-magnet which actuates the type selected, and 
a third electro-magnet, which actuates the printing hammer, tomake 
an unpression of the selected type. | 

14. The combination, substantially as hereinbefore set forth, of 
an electro-magnet for actuating the printer hammer, and an electro- 
magnet for actuating the paper feeding mechanism. 

15. The combination, substantially as hereinbefore set forth, in 
an electric circuit of a vibrating reed, producing a musica! tone or a 
definite number of vibrations per unit of time, a key controlling said 
vibrations, a corresponding reed at the receiving end of the line, a 
local battery controlled by said vibrating reed or cireuit-breaker and 
an electro-magnet, the armature of which carries a type, for the 
purpose specified. 

16. The combination, substantially as hereinbefore set forth, m an 
electric circuit of a series of circuit-breakers capable of producing 
tones of different pitch, a series of corresponding receivers, a se- 
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ries of keys controlling the transmission of said tones, a series of 
local batteries controlled by the vibrating receivers, and a series of 
type controlled directly by the electro-magnets of the local batteries. 

17. The combination, substantially as hereinbefore set forth, in 
an electric circuit of a series of transmitting keys, printing mechan- 
ism controlled by said keys, and a shifting key for determining in 
advance which letter of a series, marked on each key, shall be 
printed. 

18. The combination, substantially as hereinbefore set forth, in 
an electric circuit of printing mechanism, keys controlling said print- 
ing mechanism, and a trip key, which determines the point at which 
the printing of the message begins. 

19. The combination, substantially as hereinbefore set forth, in 
an electric circuit of printing mechanism, keys for controlling the 
printing mechanism, keys for determining which one of a series of 
type shall be printed, and a trip key which determines the point on 
the paper at which the printing shall begin. 

20. The combination in an electric circuit, substantially as 
hereinbefore set forth, of apparatus for transmitting tones of differ- 
ent pitch, keys controlling said apparatus, receivers which analyze 
and reproduce said tones, and independently movable type, each 
controlled by its particular tone. 

21. The combination, substantially as hereinbefore set forth, of 
a paper carrier, a spring for moving it in one direction, a feed bar, 
and gear wheel mounted on the armature of the electro-magnet, and 
adapted to be thrown into or out of gear with the feed bar by the 
movement of the armature. 

22. The combination of the paper-carrying mechanism, a feed- 
bar, a gear wheel actuating said bar mounted on the armature of one 
electro-magnet, and a feed-pawl mounted on the armature of an- 
other electro-magnet. 

23. The analyzing receiver, hereinbefore described, consisting of 
the combination of two or more magnets, with their light poles 
united by connecting bars, constituting in fact one magnet, and a 
series of tune-recelving springs vibrating near said bars, so that 
each shall+receive its proper tone from said magnet. 

In testimony whereof I have hereunto subscribed my 
name. 
| ELISHA GRAY. 
Witnesses : 
Wm. A. SKINKELE, 
Wa. J. Peyton, 
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ries of keys controlling the transmission of said tones, a series of 
local batteries controlled by the vibrating receivers, and a series of 
type controlled directly by the electro-magnets of the local batteries. 

L7. The combination, substantially as hereinbefore set forth, in 
an electric circuit of a series of transmitting keys, printing mechan- 
ism controlled by said keys, and a shifting key for determining in 
advance which letter of a series, marked on each key, shall be 
printed. 

18. The combination, substantially as hereinbefore set forth, in 
an electric circuit of printing mechanism, keys controlling said print- 
ing mechanism, and a trip key, which determines the point at which 
the printing of the message begins. 

19. The combination, substantially as hereinbefore set forth, in 
an electric circuit of printing mechanism, keys for controlling the 
printing mechanism, keys for determining which one of a series of 
type shall be printed, and a trip key which determines the point on 
the paper at which the printing shall begin. 

20. The combination in an electric circuit, substantially as 
hereinbefore set forth, of apparatus for transmitting tones of differ- 
ent pitch, keys controlling said apparatus, receivers which analyze 
and reproduce said tones, and independently movable type, each 
controlled by its particular tone. 

21. The combination, substantially as hereinbefore set forth, of 
a paper carrier, a spring for moving it in one direction, a feed bar, 
and gear wheel mounted on the armature of the electro-magnet, and 
adapted to be thrown into or out of gear with the feed bar by the 
movement of the armature. 

22. The combination of the paper-carrying mechanism, a feed- 
bar, a gear wheel actuating said bar mounted on the armature of one 
electro-magnet, and a feed-pawl mounted on the armature of an- 
other electro-magnet. 

23. The analyzing receiver, hereinbefore described, consisting of 
the combination of two or more magnets, with their light poles 
united by connecting bars, constituting in fact one magnet, and a 
series of tune-receiving springs vibrating near said bars, so that 
each shall:receive its proper tone from said magnet. 

In testimony whereof I have hereunto subscribed my 
name. 
| ELISHA GRAY. 
Witnesses : 
Wm. A. SKINELE, 
Wu. J. Peyton, 
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ELISHA GRAY, OF CHIGAGO, ILLINOIS, ASSIGNOR BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY OF NEW 
YORK CITY. 


IMPROVEMENTS IN RECEIVERS FOR ELEcTRO-HARMOoNIC TELEGRAPHS. 


Specifications forming part of Letters Patent, No. 198,379, dated 
December 18, 1877 ; application filed April 12, 1876. 


Lo all. whom it may concern: 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and_ useful 
Improvements in Receivers for Electro-Harmonic Telegraphs, of 
which the following is a specification : 

My invention relates to an analyzing receiver having two or more 
analyzing springs or bars, combined with a single electro-magnet, 
and constitutes an improvement upon the instruments shown in 
Letters Patent No. 166,094, granted to me July 27, 1875; the ina- 
provement consisting in combining two or more analyzing springs 
or ribbons, with separate adjustment, with the magnet, instead of 
the single bar or ribbon shown in that patent. 

In the accompanying drawings, figure 1 represents a plan or top 
view of my improved apparatus; Fig. 2, a side elevation thereof ; 
and Fig. 3, a vertical transverse section there through on the line 
11 of Fig. 1. 

In this instance, A represents a suitable base-board ; b, B', B? 
B3, B4, suitable binding screws for the electrical connections; C, a 
triangular frame, upon which an electro-magnet, D, is mounted; E, 
EK’, two ribbons or springs, provided with tension screws ¢, ¢, by 
which they may be adjusted ; and F, b”, two circuit-breaking springs, 
adapted to vibrate more slowly than the bars E, EK’, and provided 
with mechanism to adjust their rate of vibration. 
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The ends of the magnets are provided with pole pieces d, d’, 
which extend opposite the springs, so that two or more of these 
springs or analyzing receivers may be included with the attraction 
of the same magnet. 

When two notes of different pitch are transmitted through the 
electric circuit simultaneously, and the two receiving springs are 
tuned in unison with their respective transmitters, each will respond 
to its respective tone; but if either note is stopped, its correspond- 
ing receiver ceases to vibrate, just as if operated by a separate mag- 
net, the reasons of which operation will be obvious upon considera- 
tion of the fact that the cores of all the magnets in the circuit 
respond to all the electric impulses sent through them, whether 
simple or complex, the analyzing principle being developed only by 
the apphances upon which the magnetic impulses act. From this 
it is obvious that one or more magnets would operate two or more 
tuned reeds or bars, mounted, in order to secure amplification of 
sound, upon resonant boxes, such as shown in my application for 
letters patent filed Jan. 8, 1876. 

The advantages of this apparatus are not only in the direction of 
economy of saving in a number of magnets, but of battery-power, as 
it is well known that the induction of a great number of electro- 
magnets in a telegraph line seriously diminishes the working power 
of the battery. 

In an application for letters patent, filed simultaneously here- 
with I have shown and described this apparatus, as carried out on 
a large scale, in combination with a printing telegraph. 

I claim as of my own invention,— 

The combination, substantially as hereinbefore set forth, in an 
electric circuit, of an electro-magnet through which notes of differ- 
ent pitch are transmitted with two or more vibrating receiving- 
springs, tuned correspondingly with the notes so transmitted, 
whereby each analyzer selects its own tone from the magnet with- 
out interfering with the others. 

In testimony whereof, I have hereunto subscribed my 
name. 
ELISHA GRAY. 
Witnesses: 
Wm. A. SKINKLE, 
W. J. PEYTON. 
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ELISHA GRAY, OF CHICAGO, ILLINOIS. 


IMPROVEMENT IN THE ArT OF TRANSMITTING RHYTHMICAL VIBRATIONS 
. IN AN ELEectTrRIC CIRcurrtT. 


Specification forming part of Letters Patent, No. 205,378. Dated 
June 25,1878. Application filed April 9, 1878. 


Lo alli whom it May COnCcErh ¢ 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of [lhnois, have invented certain new and useful 
improvements in the art of generating and transmitting through an 
electric circuit rhythinical impulses, undulations, vibrations, or 
waves, representing composite tones, musical impressions or sounds 
of any .character or quality whatever, and of audibly reproducing 
such vibrations, and also in apparatus for so generating, transmit- 
ting and reproducing such impulses, undulations, vibrations, or 
waves, of which improvements the following is a specification : 

In Letters Patent of the United States Nos. 166,095 and 166,096, 
sranted to me July 27, 1875, in the caveat filed by me February 14, 
1876, and in sundry applications for Letters Patent for improve- 
ments ih electric telephony filed October 29, 1877, I have shown ¢: 
vices intended to operate as common receivers and reproducers of 
all sorts of rhythmical vibrations representing sounds of whatever 
kind or ‘quality with reference to the number of tones simultaneously 
transmitted, received and reproduced, and their relations to each 
other in respect to amplitude, rate, Ke. 

In an application for letters patent filed by me February 23, 
1875, for improvements in the art of transmitting musical impres- 
sions or'sounds telegraphically, and in apparatus for so transmitting 
such sounds, or impressions, I have shown devices for transmitting 
musical sounds and one method of arranging the same on an electric 
circuit to produce the desired results, including the relation of the 
main battery to the line and instruments at each end, and described 


the eftects produced. 
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In Letters Patent No. 186,340, granted to me Jan. 16, 1877, I 
have shown and described a method of and apparatus for gener- 
ating, transmitting, and reproducing in an electric circuit rhyth- 
mical impulses, undulations, vibrations or waves, as well as an 
unproved method of connecting the transmitting apparatus to the 
line and main battery so that any tone of a series could be trans- 
mitted without interference with the power used for transmission 
of another tone and so that two or any greater number of tones 
could simultaneously be transmitted, received, and reproduced, 
preserving their individuality as perfectly as the same would be 
preserved in passing through the air. This patent also showed 
a closed cireuit, in which a continuous current from a main bat- 
tery kept a reproducing and receiving magnet constantly charged, 
and devices for varying the power or electro-motive force of the 
current by superposing thereupon the vibrations or undulations 
generated by the transmitter. 

In Letters Patent No. 175,971, granted to me April 11, 1876f 
for improvetnents in telephonic telegraph apparatus, I have shown 
a series of receivers so constructed that each receiver which con- 
sists of a resonant box with a magnet having a tuned armature 
mounted upon it, will only respond to the particular note to which 
it is adapted, this apparatus, in practice, being arranged upon 
circuit as shown in my patent of Jan. 16, 1877, No. 186,340, above 
mentioned. 

By having a number of receivers tuned to all rates of vibra- 
tion, with correspondingly tuned transmitters, it is possible to 
transmit and receive composite sounds varying greatly im respect 
to quality, rate, &c. For instance the different vowel sounds may 
be transmitted and received by this apparatus, providing that the 
receivers are of the proper relation to each other, and all ar- 
ranged near together, so as to get the composite effect of the 
tone sent through the wire. 

Such an apparatus constitutes the subject matter of a division 
of this application, filed May 18, 1878. 

To render the vowel sound A, for instance, I] would transmit 
a composite tone, the simple elements of which would bear the 
following relations to each other. The amplitude of vibration of 
any simple tone which goes to make up the composition of a 
vowel or any sound is determined in this case by the number of 
cells of the battery used by the transmitter of that particular 
tone. Let us assume as a basis for the fundamental or lowest 
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tone in, the clang or composition of tones one hundred vibrations 
per second. The vowel a is composed of five simple tones. If, 
as we have assumed, the first or fundamental tone have one hun- 
dred vibrations per second, the second tone will have two hun- 
dred, the third three hundred, the fourth four hundred, and the 
fifth five hundred. These tones, however, to produce the desired 
effect, must not all have the same amplitude or loudness; the 
second'tone should be rather moderate in strength, which will be 
accomplished by giving it fewer cells of battery; the third, much 
greater amplitude, as this is the characteristic note of the clang, 
to accomplish which we add a greater number of cells of bat- 
tery ; while the fourth and fifth are added with a feeble aimpli- 
tude. It will seem that by this arrangement we are able to con- 
trol not only the number of tones transmitted but their relations 
with respect to rate and amplitude. 

My present invention constitutes an improvement upon the 
invention set forth in the patents and applications above recited 
and contemplates the combination, in an apparatus for generat- 
ing and transmitting vibrations, impulses, or waves representing 
composite tones of a closed circuit, a series of transmitters vib- 
rating at such relative speeds to produce the fundamental and 
harmonics of the tone to be transmitted, a main battery so ar- 
ranged as to give each transmitter the desired relative amplitude 
of vibration, and a common receiver, or one capable of reproduc- 
ing tones of every variety and quality. 

The subject-matter claimed will hereinafter specifically be 
designated. 

The accompanying diagram represents an arrangement upon 
circuit of generating, transmitting and reproducing apparatus for 
carrying out my improvement, three different varieties of common 
receivers or reproducers being shown. 

The different sections 1, 2, 3, 4, 5, of the main battery, it will 
be observed, are arranged, as to number of cells or electro-motive 
foree, with respect to the amplitude of vibration or wave desired 
in each of the tones of the composition. 

The diagram shows three different kinds of receivers R, R', 
R2, each capable of reproducing composite tones or sounds of 
every character. It is deemed unnecessary to describe in detat! 
the construction of the apparatus employed more than to say 


‘that it comprises main and local batteries, an apparatus for gen- 


erating and transmitting vibrations representing, the composite 
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tone to be transmitted, a receiving apparatus capable of repro- 
ducing such tones, and a closed circuit through which a contin- 
uous current flows to keep the magnets permanently charged. 
The arrangement of circuit is similar to that shown in my patent 
of Jan. 16, 1877, above mentioned, while the transmitters repre- 
sented in the diagram are similar to those shown in Letters Pat- 
ent No. 165,728, granted to me July 20,1875. Each transmitter’ 
is operated by its respective local battery, omitted for convenience 
of representation. The receivers R, R', are similar to those shown 
in sundry applications for Letters Patent of the United States 
filed by me Oct. 29, 1877, and consist (speaking generally) of a dia- 
phragm 7, adjustably arranged relatively to an electro-magnet 7. 
The receiver R? consists of an electro-magnet mounted upon a 
sounding box in a way that will be readily understood from the 
drawings, and (like the others) is capable of reproducing tones of 
all varieties and qualities. 

It will be observed that my arrangement of batteries and trans- 
mitters admits of an unlimited variety of adaptations and combina- 
tions in respect to number and character of tones as to amplitude, 
rate, &c., so that when the quality of any tone is once determined 
by analysis it may be reproduced by my combination by the organi- 
zation of the several parts relatively to each other. 

. The operation of my invention will be readily understood from 
the accompaying description, when it is desired to transmit a com- 


posite tone of a particular clang I depress the keys which bring into 
operation such batteries and transmitters as an- analysis of such 
clang dictates we should use. To transmit a sound of different 
quality depress a different set of keys, arranged as before stated, 
with reference to the necessities of the case. 

It is unnecessary to go into a detailed analysis of a great 
variety of sounds, as the principle involved is fully set forth in the 
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case already given. 

From the above it is easy to conceive that composite tones may 
be mechanically transmitted by a proper arrangement of transmit- 
ters, batteries, &c. 

What I claim as of my own invention, and desire to secure by 
Letters Patent is 

The combination, substantially as hereinbefore set forth in an 
apparatus for generating and transmitting vibrations, impulses, or 
waves representing composite tones, of a closed circuit, a series of 
transmitters vibrating at- such relative speeds as to produce the 
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fundamental and harmonics of the tone to be transmitted, a main 


battery so arranged as to give each transmitter the desired relative 
amplitude of vibration, and a common receiver, or one capable of 
reproducing tones of every variety and quality. 
In testimony whereof, I have hereunto subscribed my name. 

| Ex.IsHa GRAY. 
Witnesses : 

- GeorGE B. CumMinas, 

D. M. ERSKINE, JR. 
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(No. 54h). Defendants’ Exhibit, ‘‘Gray’s Revolving 
Drum Telephone Patent.” 


J. A. W., Sp. Ex’r. 


(Introduced in Record, p. 12.) 


ELISHA GRAY OF CHICAGO, ILLINOIS. 
IMPROVEMENT IN SPEAKING ‘TELEPHONE. 


Specifications forming part of Letters Patent No. 210,776, dated 
December 10, 1878 ; application filed August 3, 1878. 


[0 all whom at May CONCETN ° 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and_ useful 
improvements in speaking telephones, of which the following is a 
specification ; 

In Letters Patent No. 166,096, granted to me July 27, 1875, on 
an application originally filed April 18, 1874. I have shown and 
described apparatus for transmitting rhythmical vibrations repre- 
senting composite sounds or musieal tones of different pitch tele- 
sraphically, and for reproducing said tones at the receiving end of 
the line through the medium of animal tissue. 

My present invention constitutes a new application of the prin- 
ciple exemplified in said letters patent, its object being to reproduce 
articulate sounds at the receiving end of the telegraphic circuit 
through animal tissue in gliding contact with a plate of suitable 
metal. 

Any of the well known speaking telephones which transmit with 
sufficient intensity may be employed as a transmitter, in my im- 
proved apparatus I prefer, however, for a transmitter the one known 
as the “water telephone,” cleseribed in f pending application for 
letters patent filed by me October 29, 1877, or the Edison carbon 
telephone transmitter, orsome instrument used in connection with a 
battery, on account of the greater power which may be obtained 
from such a transmitter. 

[ prefer to use currents of considerable tension in working my 
improved apparatus, the most convenient and economical mode of 
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doing which is by the use of an induction coil, as shown and de- 
scribed in my letters patent above-mentioned. 7 

The receiving apparatus is substantially the same in construc- 
tion and operation as the one heretofore employed by me for 
reproducing musical tones transmitted through a telegraphic cir- 
cult. 

My invention therefore consists in combining in an electric cir- 
cuit telephonic apparatus capable of transmitting articulate speech 
with a resonant receiver through the intervention of animal tissue 
in gliding or frictional contact with said resonant receiver. This 
receiver nay consist ofa plate of any of the well known metals, 
whether capable of induction or not. I prefer, however, to use a 
plate, disk or diaphragm of thin sheet metal, such as zine or Ger- 
man silver, highly polished and oxidized on the surface exposed to 
friction. The friction or glding contact between the animal tissue 
and the receiving plate may be produced in various ways, but I 
have found in practice the simplest and most effective to be to 
mount the receiving plate upon a resonant box or case mounted 
upon a shaft so as readily to be revolved by means of a pulley, 
crank, treadle or other well known motor. By this means an even 
pressure and uniform rotation of the receiving plate is secured. 

The animal tissue may consist of one or more fingers of the hu- 
man hand interposed in the circuit and pressed against the plate. 
Various other equivalent substances are mentioned in my patent 
above-mentioned. 

The accompanying drawings show one convenient form of ap- 
paratus for carrying out the objects of my invention. Obviously, 
however, the details of construction of both the transmitter and re- 
ceiver may be greatly varied without departing from the spirit of 
my invention. 

Figure 1 represents an axial transverse section through the re- 
ceiver; and Fig. 2 represents an arrangement upon circuit of the 
entire apparatus, including both transmitter and receiver. 

The base or supporting stand A is, by preference, made of metal, 
and of a weight and size sufficient to maintain it In position with- 
out fastening it to its support. A shaft B revolves in suitable bear- 
ings upon this stand, being driven by a crank BD’ or by a pulley, 
clockwork or other suitable prime mover, and carries a hollow re- 
sonant box or case of wood, or some other resonant substance, the 
outer or open end of this box.is covered by a thin sheet metal disk, 
plate or diaphragm D, preferably of zinc, as the surface of this 
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metal is usually covered with a very thin film of oxide, which is 
highly favorable to the proper action between the animal tissue 
and the plate when in gliding contact. 

The diaphragm, it will be observed, is connected with a shaft 
and base by a wire e, inside the resonant box or case, the base be- 
ing in turn connected with the ground by a wire a. The transmit- 
ter H in this instance is an ordinary speaking telephone of the form 
shown in my application filed October 29, 1877, above-mentioned, 
known as a “ variable resistance telephone,’ which class includes 
the microphone, the carbon transmitter, the water transmitter and 
all others of that class which produce the sound waves by causing 
the vibrations of the diaphragm to vary the resistance of the bat- 
tery current proportionately to the amplitude of motion of said 
diaphragm. Ido not, however, confine myself to a transmitter of 
this class, but contemplate using any form which will transmit the 
vibrations with sufficient force. 

The main battery, M, B,is shown in Fig. 2 as short circuited 
through the transmitter and through the induction coil I, having 
the usual primary and secondary circuits in such relation to each 
other as will produce the best results at the receiving end of the 
line. 

Starting from the plus pole of the battery, the circuit passes 
through the transmitter point /, thence through the primary helix 
of the induction coil and back to the other pole of the battery. 
The secondary helix has one of its poles connected to the line, the 
other with the ground. At the receiving end of the line the circuit 
passes through animal tissue, which may consist of the human body 
or other equivalent material, which is in contact with the plate D, 
from whence the circuit passes through the ground through the 
stand, as shown in Fig. 2, and as hereinbefore described. 

The induction coil may be dispensed with by using a battery of 
high tension and small quantity, but this method would not be so 
economical in practice as the one hereinbefore described. 

In my patent of July 27, 1875, hereinbefore mentioned, I have 
shown that rhythmical vibrations in a primary circuit corre- 
sponding to any given musical tone, or any given number of tones 
simultaneously produced are correspondingly produced inductively 
in a secondary circuit, and that when these vibrations were passed 
through animal tissue in contact with a receiver such as described, 
the tones were audibly and accurately reproduced. 

My present invention contemplates not only the production of 


? 


‘“GRAYS REVOLVING DRUM TELEPHONE PATENT.” 393 


musical tones, but sounds of every character and quality, so that 
any noise whether consisting of spoken words, musical tones or 
other sounds made or uttered in the transmitter or in its immediate 
vicinity, would be reproduced audibly at the receiving end of the 
line on the revolving plate. 


I do not, therefore, claim the use of an animal tissue receiver 


for the reproduction of musical tones in combination with the trans- 
mitter only adapted to send such tones, as this constitutes the sub- 
ject-matter of the patent hereinbefore mentioned. 
What I claim herein as new and desire to secure by letters pat- 
ent is, 
The combination in a telegraphic circuit of a telephonic trans- 
mitter capable of transmitting articulate sounds or spoken words 
with a receiver capable of reproducing such sounds or words 
through the intervention of animal tissue in frictional contact with 
said receiver. 
In testimony whereof I have hereunto subscribed my name. 
ELISHA GRAY. 
Witnesses : 
JOHN F. PAReEt, 
Davin M. ERSKINE, JR. 
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(No. 54i.) Defendants’ Exhibit, ‘‘Gray’s Speaking Tel- 
ephone Art Application.” 


[Introduced in Record, p. 12.] 


(No. 54j.) Defendants’ Exhibit, ‘‘Gray’s Speaking Tel- 
ephone Art Application.” 


J. A. W., Sp. Exr. 


(Introduced in Record, p. 12.] 


DEPARTMENT OF THE INTERIOR. 


UNITED STATES PATENT OFFICE. 


To all persons to whom these presents shall come, Greeting : 


This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing in the mat- 
ter of the application of Elisha Gray, filed October 29th, 1877, for 
Art of Transmitting Vocal Sounds Telegraphically, &e. 

In testimony whereof, I, Ellis Spear, Commissioner of 
Patents, have caused the seal of the Patent Office 
to be hereunto affixed this twenty-first day of Au- 

[L. s.] gust, in the year of our Lord one thousand eight 
hundred and seventy-eight, and of the indepen- 
dence of the United States the one hundred and 
third. 
ELLIs SPEAR, 
Commissioner. 


CASE 1. APPLICATION. 
To the Commissioner of Patents: 


Your petitioner prays that letters patent may be granted to him 
for the invention set forth in the annexed specification. 

Also, that you will recognize Baldwin, Hopkins & Peyton, of 
Washington City, D. C., as his duly authorized attorneys, with full 
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power of substitution and revocation to prosecute this application, 
to make alterations and amendments therein, to receive the patent 
and transact all business inthe Patent Office connected therewith. 
ELISHA GRAY. 


To all whom it may concern 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful Art of 
Transmitting Vocal Sounds Telegraphically ; as well as certain new 
and useful improvements on Apparatus for so Transmitting such 
sounds, of which ‘art and apparatus the following is a speciftica- 
tion : : 

The object of my invention is to transmit the tones of the hu- 
man voice through a telegraphic circuit and reproduce them at the 
receiving end of the line, so that oral conversations can be carried 
on by persons at long distances apart. 

I have heretofore invented and patented methods of transmit- 
ting musical impression or sounds telegraphically, and my present 
improvement is based upon a modification of the principle of said 
invention set forth and described in sundry letters patent, granted 
to me July 27, 1875, and respectively numbered 166,095 and 166,- 
096; letters patent No. 173,460, granted to me February 15, 1876 ; 
and also in an application for letters patent of the United States, 
filed by me February 23, 1875. 

To attain the objects of my invention I have devised an appa- 
yatus capable of vibrating responsively to all the tones of the hu- 
man voice, and transmitting said vibrations through the electric cir- 
cuit and reproducing them on a receiver correspondingly respon- 
sive to the tones of the human voice; and by which they rendered 
audible. 

The subject matter claimed will hercinafter specifically be des- 
ignated. 

The accompanying drawings represent apparatus embodying my 
improvements in the best way known to me, but I contemplate va- 
rious other applications and also changes in the details of construc- 
tion of the apparatus, some of which obviously would suggest them- 
selves to a skilled electrician, or to a person versed in the science 
of acoustics upon being made aware of my invention. 

Figure 1 represents a vertical central section through one form 
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of an apparatus embodying my improvements capable of use either 
as a transmitter or asa receiver. 

Figure 2 is an end view of a portion of the same. 

Figure 3 represents a vertical transverse section through another 
form of transmitting apparatus, which forms the subject matter of 
another application for letters patent of the United States, filed by 
me simultaneously herewith. 

Figure 4 represents a view of the apparatus arranged upon cir- 
cuit to illustrate its operation more fully, showing a transmitter 
similar to that shown in figure 3 and a receiver similar to that 
shown in figure 1; and 

Figure 5 shows an arrangement upon circuit similar to figure 4, 
with the exception that the transmitter and receiver are both lke 
that shown in figure 1. 

My present belief is that the most effective apparatus capable 
of responding to the various tones of the human voice consists of a 
tympanum or diaphragm combined with a frame or a chamber car- 
rying apparatus for producing changes in the strength of an electric 
current. 

The fundamental distinction between a diaphragm of the char- 
acter contemplated by me and the one shown in the well-known 
Reis telephone is the absence of the contact point. Where such 
contact point is employed, the apparatus, while capable of trans- 
mitting musical tones, is incapable of transmitting articulate sounds 
or all the tones of the human voice; but when used as contem- 
plated in the present case, not only musical tones, as before de- 
seribed, may be transmitted, but spoken words or other sounds of 
whatever character may be transmitted and reproduced at the re- 
ceiving end of the line, so that ordinary conversations may be car- 
ried on over the cireuit. 

The transmitter shown in figure 3 consists of a box, chamber or 
tube A, by preference made with a flairing mouth. Across this cham- 
ber is arranged a diaphragm a of some thin substance such as 
parchment or gold-beater’s skin, capable of responding to all the 
vibrations of the human voice, whether simple or complex. At- 
tached to this diaphragm is a light metallic rod @', or other suitable 
conductor of electricity, which rod extends into the vessel B, of 
class or other suitable insulating material, having its bottom closed 
by a plug, which may be of metal, or through which passes a con- 
ductor D, forming part of the cireuit. The speaking tube A and 
base or stand B', which supports the vessel B, are held in a fixed 
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relation to each other by a suitable connecting frame C, or other 
well known means; and the conductor D, above mentioned, is 
mounted upon an adjusting screw d@, by which means it may be ad- 
justed very close to the rod a', without actual contact. The vi- 
brations of the diaphragm a will thus cause the rod a! to vary its 
relation to the conductor ¢, thus varying the resistance and conse- 
quently the strength of the current passing through the circuit. It 
will be observed that the degree of variation in the strength of the 
electric current will correspond accurately with the amplitude 
and rapidity of the vibrations of the diaphragm, which vibrations, 
in the annunciation of any given word, are variable, both as to am- 
plitude, rate and complexity. 

The vessel B is filled with some liquid possessing high resistance 
to the electric current, such, for instance, as distilled water or other 
yielding substance possessing high resistance. 

The transmitter must, of course, be mounted in a suitable frame 
to hold it securely and prevent the waste of the resisting medium 
where liquid is employed as such medium. 

The variations in the strength of the electric circuit thus pro- 
duced are transmitted to the receiving station or instrument, in 
which circuit is includea an electro-magnet of ordinary construc- 
tion acting upon a diaphragm preferably connected with a vocaliz- 
ing chamber. 

In figure 1 of the accompanying drawings a vocalizing chamber 
F is shown as provided with a diaphragm 7, to which is attached a 
piece of soft iron 7!, constituting an armature in close proximity to 
the core of a magnet E, held in a fixed relation in regard to the 
vocalizing chamber by a suitable frame and provided with suitable 
adjusting screws e e!, to adjust the magnet and diaphragm in proper 
relation to each other. | 

A sheet-metal diaphragm might obviously be substituted for the 
one just described. When a diaphragm of sheet iron or steel is 
used, the diaphragm itself constitutes an armature, and the piece of 
soft iron 7'!, figure 1, may be dispensed with. 

The proper proportion, form and mounting of this plate, dise or 
diaphragm are important conditions, which must be taken into con- 
sideration in order to obtain the best results. 

The plate or membrane should be thin, preferably cireular, equal 
in length and breadth, and should be rigidly supported at its edges 
in a proper frame, while the central portion, being elastic, is left 
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free to take up and respond to sonorous vibrations of every char- 
acter. 

All solid bodies tend to vibrate at a certain definite rate called 
the fundamental, and when shaped with reference to the develop- 
ment of this characteristic to the greatest extent, itis difficult to - 
excite vibrations having any degree of amplitude other than the 
fundamental rate belonging to them respectively. A tuning fork is 
an example of a body whose form is calculated to develop this 
quality in a high degree. On the other hand, the more nearly a 
body assumes the form of a plate, preferably circular, made thin 
and supported not at one side alone, but all around its edges, the 
more it looses its special fundamental character and becomes capa- 
ble of vibrating at one rate as readily as another. A plate or mem- 
brane in which this characteristic is developed in the greatest de- 
gree is best adapted to the transmission and reception of oral con- 
versations. 

Figure 4 shows the apparatus above described, arranged upon 
circuit, the operation of which will readily be understood from the 
foregoing description. The diaphragm of the transmitter A is 
thrown into vibrations by the voice of the operator, and the corre- 
sponding diaphragm at the receiving end of the line is thrown into 
corresponding vibrations with those of the transmitter, and audible 
sounds or words are produced. 

Figure 5 shows two instruments similar to that shown in figure 
1, arranged upon circuit to act both as receivers and transmitters, 
the operation being the same, although variations of the current 
strength are produced in the case of the transmitter first de- 
scribed by variation of resistance, while in the other case they 
are produced by the inductive action of the armature upon the 
fixed magnet. 

sy means of the apparatus thus described persons at a distance 
can converse with each other through an electric circuit and they now 
do in each other's presence. 

What I claim as my invention and desire to secure by Letters 
Patent is: 

1. The hereinbefore described art of transmitting and reproduc- 
ing at a distance sonorous ways or vibrations of any description, 
which consists in increasing and decreasing the strength of an 
electric current traversing a circuit in such a manner as to produce 
in said circuit a series of electrical waves or vibrations precisely 
corresponding in their intervals of succession and relative ampli- 
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tudes to the sonorous waves which are to be reproduced at 
the receiving station or stations, so that oral conversations 
or sounds of any description whatever may be telegraphically 
transmitted. 

2. The hereinbefore described improvement in the art of trans- 
mitting vocal sounds or spoken words telegraphically, which consists 
in throwing upon the line, through the medium of a varying resist- 
ance, electrical impulses corresponding to the vibrations of a 
diaphragm operated by the movements of the air, produced by a 
spoken word. 

In testimony whereof, I have hereunto subscribed my 
name. 
ELIsHA GRAY. 

Witnesses : 

Wm. D. BaLpwin, 
Ws. J. Peyton. i 


City OF WASHINGTON, 
District of Columbia, § ~ 
EvisHa Gray, the above-named petitioner, being duly sworn, 
deposes and says that he verily believes himself to be the original 
and first inventor of the art of transmitting vocal sounds tele- 
graphically and apparatus therefor, described in the foregoing 
specification ; that he does not know and does not believe that the 
same were ever before known or used, and that he is a citizen of the 
United States. 
ELIsHa GRAY. 

Sworn to and subscribed 

before me this 20th day 

of October, 1877. : ‘ 

Wma. J. Peyton, 


[L. 8. ] Notary Public. 
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Patent Office, 
Oct. 29, 1877. 


WASHINGTON, D. C., Oct. 29, 1877. 
UNITED STATES PATENT OFFICE. 


In the matter of the application of Elisha Gray for Letters Patent 
for Art of Transmitting Vocal Sounds Telegraphically, and 
Apparatus therefor, filed Oct. 29, 1877. 

We request that a model may temporarily be dispensed with in 
the application above mentioned, and that the case be forwarded to 
the Examiner for his action. 

The model will be filed in a few days. 

Respectfully, 
Baupwin, Hopkins & PEytTon, 
Atty’s for E. Gray. 


To the Commissioner of Patents : 


Model can be dispensed with for examination. 
J. H. McDona.p, 
Ass’t in Ch’g. 


App d. 
W. H. Doo.Lirttez, 
A.C. 


‘“GRAY’S SPEAKING TELEPHONE ART APPLICATION.” 


Patent Office 


Oct. 29,1877. 


1. REJECTION. 


Oct. 31, 1877. 
Room No. 118. 
Case 1. 
116-73. 
Copy sent 
Oct. 31, 1877. 
DEPARTMENT OF THE INTERIOR, ) 
U.S. PatTent OFFICE, 
WasuHineaton, D. C., Oct. 31, 1877. 


Elisha Gray, care Baldwin, Hopkins & Peyton. Present. 


Art of Transmitting Vocal Sounds Telegraphically. 


Filed Oct. 29, 1877. 


This application has been examined and found to be fully met 
by patent of A. G. Bell, Mar. 7, 1876, No. 174,465 (Elec-Telephonic 
( Telh’s). Magnet E is not described or shown as being in any man- 
ner different from the common form of electro-magnet consisting of 
a soft iron core, surrounded with coils of wire. Other character- 
istics are obviously necessary, in order to make the device 
operative. 

On page 8 it is stated that the armature acts inductively ; as this 
armature is stated to be of soft iron, this appears to be hardly cor- 
rect. The application is accordingly refused. 

H. C. TownsEnp, 
Ex’r. 


402 DEFENDANTS EXHIBITS. 
2. LETTER TO OFFICE. 


Dec. 5, 1877. 


Wasuinaton, D. C., Dec. 4, 1877. 


To the Commissioner of Patents : 


Sir—Herewith we file a model to complete the application of 
Elisha Gray, for Art of Transmitting Vocal Sounds Telegraphically, 
filed Oct. 29, ’77. 

Resp’y, 
BaLpwin, Hopkins & PEYTON, 
Attys. for E. Gray. 


; U. S. 
' Patent Office, : 
Dec. 5, 1877. 


« @@ee#2eeteeeee#e#ee#s#seese##e# e# ¢ 


3. LETTER TO OFFICE. 
Dec. 8, 1867. 
In THE UNITED STATES PATENT OFFICE. 


In the matter of the application of Elisha Gray, for Letters Patent 
for Art of Transmitting Vocal Sounds Telephonically, filed 


Oct. 29, 1877 (Case 1). 
Wasnineton, D. C., Dec. 8, 1877. 


To the Commissioner of Patents : 

Sir—We have the official letter of October 31, rejecting the 1% 
above-mentioned application and request the prompt declaration of 
an interference with the reference cited, which, it will [be] observed 
by reference to the official records, was granted in derogation of 
Gray’s caveat of even date, with the application upon which that 


patent was granted. © | 
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The Office is mistaken as to its assumption of the inoperativeness 
of the “magnet E”’ described. Its practicability has been demon- 
strated by actual working. If an issue is made on this point, proof 
will be furnished. Moreover, we are unable to perceive why a soft 
iron armature will not act inductively. Our client, who is an elec- 
trician of twenty odd years’ experience, knows of no such reason, 
and, on the contrary, has worked it as described in the specification. 
In fact, soft iron is one of the best-known substances for inductive 
action, being superior even to steel for this particular purpose. 

Respectfully, 
BaLpwin, Hopxins & PEyron, 
Attorneys for E. Gray. 


Se @e@e@ee¢ee@es$tcqeejege@eeeoe@eséce se: 


; U.S. 
‘ Patent Office. 
Dec. 8, 1877. 
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4. INTERFERENCE A. 
March 26, 1878. 


Room No. 118. (No. 14.) (Interference. ) 
INTERFERENCE A. 

116-73. 

Copied. 


Mar. 26, ’78. 
DEPARTMENT OF THE INTERIOR, ) 


U.S. Patent Office, 
WASHINGTON, D. C., Mar. 26, 1878. 4 


; 
EisHa Gray, care Baldwin, Hopkins & Peyton, Present : 

Please find below a copy of a communication from the Examiner 
concerning your application for patent for Art of Transmitting 
Vocal Sounds Telegraphically, filed Oct. 29, 1877. 

(No. 1.) 

Very respectfully, 
ELLIs SPEAR, 
Commissioner of Patents. 


. , ; 


fj 
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Your case above referred to is adjusted to interfere with the 
application and patents named below, and the question of priority 
will be determine 1 in conformity with the rules accompanying this. 
The preliminary statement, demanded by Rule 53, must be sealed 
up and filed on or before the 6th day of May, 1878, with the sub-. 
ject of the invention and name of party filing it, endorsed on the 
envelope. The subject matter involved in the interference is: ‘“ ‘The 
hereinbefore described art of transmitting and reproducing at a dis- 
tance sonorous waves or vibrations of any description, which con- 
sists In increasing and decreasing the strength of an electric current, 
traversing a circuit in such a manner as to produce in said circuit a 
series of electrical waves or vibrations precisely corresponding in 
their intervals of succession and relative amplitudes to the sonor- 
ous waves, which are to be reproduced at the receiving station or 
stations, so that oral conversations or sounds of any description 
whatever may be telegraphically transmitted.” (Gray's Ist Claim.) 

This is substantially the method specified in Bell’s fifth claim, 
and is described in the applications of Edison, Berliner, Richmond, 
Dolbear and Holcombe. 


PARTIES TO INTERFERENCE. 


Thomas A. Edison. App’n filed Apr. 27, 1877, (Case 130.) 
Atty. of record, L. W. Serrell, P. O. Box 4689, N. Y. City. 

Emile Berliner. App’n filed June 4, 1877. Atty. of record, 
James L. Norris, Washington, D. C. 

(reorge Ly. Richmond. App 1 filed Aug. 24, 1877. Atty. of ree- 
ord, George W. Dyer, Washington, D. C. 

A. #. Dolbear. App’n filed Oct. 31,1877. (A.) Attys. of rec- 
ord, Frank L. Pope, Elizabeth, N. J., James L. Norris, Asso. Atty., 
Washington, D. C. 

A. G. Holcombe. App’n filed Jan. 28, 1878. Atty. of record, 
Moses G. Farmer, Torpedo Station, Newport, R. I. 

A. G. hell. Patent No. 174,465, dated Mar. 7, 1876. Atty. of 
record, A. Pollock, Washington, D. C. 

H. C. TownseEnp, 
Ex’r. 
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5. INTERFERENCE B. 


Mar. 26, 1878. 
Room No. 118. (No. 14.) (Interference. ) 


INTERFERENCE B. 
116-73. 
Copy. 
Mar. 26, 1878. 
ri se 
DEPARTMENT OF THE INTERIOR, ) 
U.S. Patent Office, . 
Wasuineton, D.C., March 26, 1878. ) 


ELIsHA GRAY, care Baldwin, Hopkins & Peyton, Present : 

Please find below a copy of a communication from the Examiner 
concerning your application filed Oct. 21, 1877, “ Art of Transmit- 
ting Vocal Sounds Telegraphically.” 

Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the ap- 
plications and patent named below, and the question of priozity will 
be determined in conformity with the rules accompanying this. The 
preliminary statement, demanded by Rule 53, must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject of 
the invention and name of party filing it, endorsed on the envelope. 
The subject matter involved in the interference is the hereinbefore 
described improvement in the art of transmitttng vocal sounds or 
spoken words telegraphically, which consists in throwing upon the 
line through the medium of a varying resistance electric impulses, 
corresponding to the vibrations of a diaphragm operated by the 
movements of the air produced by a spoken word. (Gray’s 2d 
Claim.) 

This is substantially covered in Bell’s fourth claim, and is de- 
scribed in applications of Edison, Berliner and Richmond. 
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| THE PARTIES TO INTERFERENCE ARE 
a. 116 
Elisha Gray, 73, Application filed Oct. 21, 1877. Attorneys 
of record, Baldwin, Hopkins & Peyton, Washington, D. C. 
(2 
l. A. Ldison, 64.  App’n filed Ap’l 27, 1877. (Case 130.) 
Attorney, L. W. Serrell, Box 4689, N. Y. City. 
S6 
Emile Berliner, 12. App’n filed June 4, 77. Attorney, Jas. L. 
Norris, Washington, D. C. 
104 
George B. Richmond, 58. App’n filed Aug. 24,’77. Attorney, 
Geo. W. Dyer, Washington, D. C. 
158 
A. G. Bell, 58. Patent No. 174,465, dated March 7, ’76. 


Attorney, A. Pollok, Washington, D. C. 
H. C. ToOwnsEND, 


Examiner. 
6. INTERFERENCE F. 
Mch. 26, 1878. 
Room No. 118. (No. 14.) (Interference. ) 


INTERFERENCE F. 
DEPARTMENT OF THE INTERIOR, ) 
U. S. PATENT OFFICE, 
WASHINGTON, D. C., MARCH 26, 1878. § 
116-73. 
Copy made 
March 26, 1878. 
ms oo 
tlisha Gray, care Baldwin, Hopkins & Peyton, Present. 
Please find below a copy of a communication from the Examiner 
concerning your application, filed Oct. 29,1877. “ Art of Trans- 
mitting Vocal Sounds Telegraphically.” (No. 1.) 
Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 
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Your case above referred is adjudged to interfere with the appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is a telephonic 
transmitter, consisting of a coil of wire, one or more magnets, and a 
dise or diaphragm so arranged relative to each other, that a motion 
of the diaphragm shall induce in the coil of wire and electro-motive 
force in virtue of the presence cf the magnet or magnets. 

This is substantially Holeomb’s first claim, and is described and 
shown in applications of Dolbear and Gray, and patent of Bell. 


THe PARTIES TO THIS INTERFERENCE ARE: 


A. G. Holcombe. Application filed Jan. 28,1878. M. G. Far- 
mer, Torpedo Station, Newport, R. I., Attorney. | 
A. £. Dolbear. App'n filed Oct. 31, ‘77. F. L. Pope, Eliza- 
beth, N. J.; and J. L. Norris, Washington, D. C., Associate. 
A. G. Bell. Patent No. 174,465, March 7, 76. <A. Pollok, 
Washington, D. C., Attorney. 
H. C. TownseEnp, 


Ex’r. 
7. INTERFERENCE H. 
March 26, 1878. 
Room No. 118. (No. 14.) (Interference. ) 


INTERFERENCE H. 
DEPARTMENT OF THE INTERIOR, ) 
U. S. PATENT OFFICE, : 
WASHINGTON, D. C., M’CH 26, 1878. § 
116-73. 
Copy sent 
March 26, 1878. 
L. S. R. 


EvisHa Gray, care Baldwin, Hopkins & Peyton, Present. 


Please find below a copy of a communication from the Examiner 
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concerning your app'n for patent for “ Art of Transmitting Vocal 
Sounds Telegraphically ” (Case No. 1), filed Oct. 29, 1877. 
Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is: The combina- 
tion in one circuit of two or more coils of wire, two or more magnets, 
and two or more discs or diaphragms so arranged relatively to each 
other, that if one of the dises or diaphragms be put in motion by 
the voice, by a current of air or otherwise, it shall induce a transient 
current of electricity in its associated coil, which current shall actuate 
the other dises or diaphragms in virtue of the coils and magnets 
associated with them. (Holcombe’s third claim.) 

This is described and shown in applications of Dolbear and 
Gray and Patent of Bell. 


PARTIES TO INTERFERENCE. 


A. G@. Holcombe. App’n filed January 28, 1878. Moses G. Far- 
mer, Torpedo Station, Newport, R. I., Att'y of Record. 

A... Dolbear. App’n filed Oct. 31,1877. F. L. Pope, Elizabeth, 
N. J., Att’y of Record. J. L. Norrsi, Asso. Att’y, Washington, D. C. 

A. G. Bell. Patent No. 174,465, dated Mar. 7, 1876. <A. Pol- 
lok, Washington, D. C., Att’y of Record. 

H. C. Townsenp, 

Ex’r. 
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INTERFERENCE LIL. 


Room No. 118. March 26, 1878. 
116-73. (No. 14.) (Interference). 
Copy made INTERFERENCE I. 
M’ch 28, °78. | 
L. 8S. BR. DEPARTMENT OF THE INTERIOR, 


U.S. Patent OFFICE, 
WasHINGTON, M’ch 26, 1878. ‘ 


EnisHa Gray, care Baldwin, Hopkins & Peyton, present: 

Please find below a copy of the communication from the Exami- 
ner, concerning your app’n for patent for “Art of Transmitting 
Vocal Sounds Telegraphically.” (No.1). Filed Oct. 29, 1877. 

Very respectfully, 
ELLIs SPEAR, 
Commissioner of Patents. 


Your case, above referred to, is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. 
The preliminary statement, demanded by Rule 53, must be sealed 
up and filed on or before the 6th day of May, 1878, with the sub- 
ject of the invention and name of party filing it, endorsed on the en- 
velope. 

The subject matter involved in the intereference is: A _ tele- 
phonic transmitter, consisting of one or more helices, forming a 
portion of the main circuit and surrounding a core or cores, main- 
tained in a magnetic state by the inductive influence either of an 
electric current or of a permanent magnet, in combination with an 
elastic inductive plate or armature, which is rigidly supported at 
one or more of its edges, while the portion facing the poles of the 
magnetic core or cores is left free, so as to be capable of respond- 
ing to sonorous vibrations traversing the atmosphere or other 
bodies. 

This is substantially Dolbear’s Ist claim, and is substantially 
embraced in Bell’s 3d and 8th claims. It is described in applica- 


tions of Gray and Holcombe. 


DEFENDANTS EXHIBITS. 


PARTIES TO INTERFERENCE. 


/ A. E. Dolbear. App’n filed Oct. 31,1877. F. L. Pope, Eliza- 
beth, N. J., att’y of record. J. L. Norris, Washington, D. C., As- 
\ so. Att’y. 


A. G. Holcombe. App’n filed Jan. 28, 1878. Moses G.: Farmer, 
Torpedo Station, Newport, R. I., Att’y of Record. 


A. G. Bell. Patent No. 186,787, dated Jan. 30,1877. A. Pollok, 
Washington, D. C., Att’y of Record. 


H. C. TOWNSEND, 
Ex’r. 
1877 
Div. 16. Townsend. 116 
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No. No. 1. 
: Elisha Gray, of Chicago, County of Cook, State of Illinois. 


Art of transmitting vocal sounds telegraphically, &c. 
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(No. 54k.) Defendants’ Exhibit, ‘‘Gray’s Liquid Trans- 
mitter Speaking Telephone Application.” 


J. A. W., Sp. Ex’. 


(Introduced in Record, page 12.) 


DEPARTMENT OF THE INTERIOR. 
UNITED STATES PATENT OFFICE. 


‘To all Persons to whom these presents shall Come, Greeting : 


This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing, in the matter 
of the application of Elisha Gray, filed October 29, 1877, for appa- 
ratus for transmitting vocal sounds telegraphically. 

In testimony whereof, 1, W. H. Doolittle, Acting Com- 
missioner of Patents, have caused the seal of 
the Patent Office to be hereunto affixed this 

[L. 8. ] twenty-ninth day of June, in the year of our 
Lord one thousand eight hundred and seventy- 
eight, and of the Independence of the United 
States the one hundred and second. _ 

W. H. Doo.irrte, 


Acting Commissioner. 


CASE 2—APPLICATION. 


70 the COoMmM~ssioner of Patents: 


Your petitioner prays that letters patent may be granted to 
him for the invention set forth in the annexed specification. 
Also, that you will recognize Baldwin, Hopkins & Peyton, his 
duly authorized attorneys, with full power of substitution and 
revocation, to prosecute this application, to make alterations and 
amendments therein, to receive the patent, and to transact all 
business in the Patent Office connected therewith. 
ELISHA GRAY. 
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To all whom it may concern: 

Be it known, that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illnois, have invented certain new and useful 
improvements in apparatus for transmitting vocal sounds tele- 
oraphically, of which the following 1s a specification. 

The object of my invention is to transmit tones of the human 
voice through a telegraphic circuit, and reproduce them at the re- 
ceiving end of the line, so that actual conversations can be carried 
on by persons at long distances apart. ‘ 

My present invention more especially relates to that portion of 
the telephonic apparatus which takes up the vibrations of the air 
caused by the utterance of vocal sounds near it, and transmitting 
them through the circuit to the receiving end of the line, and my 
purpose is to adapt said apparatus to the accurate reproduction of 
such sounds as to tone, pitch and quality, which end I attain by 
interposing in the cirewit a varying resistance which adapts 
itself to all the vibrations which are required to be transmitted 
through it. 

In the accompanying drawings Fig. 1 represents a_ vertical 
transverse section through one form of an apparatus embodying my 
improvements. 

Fig. 2 represents a similar section through a receiving appa- 
ratus of a different construction, but which is not herein claimed, as 
it constitutes the subject matter of another application for Letters 
Patent of the United States, filed by me simultaneously herewith. 

Fig. 8 an end view of the same. 

Fig. 4 represents the transmitter and receiver shown by the pre- 
ceding figures, as arranged upon circuits. 

The transmitter is by preference composed of a box chamber or 
tube A, provided with a flaring mouth, though the latter is not es- 
sential. » Across this chamber is arranged a diaphragm ¢ of some thin 
substance, such as parchment or gold beater’s skin, capable of ros- 
ponding to all the vibrations of the human voice, whether simple or 
complex. Attached to this diaphragm is a light metal rod @', or 
other suitable conductor of electricity, which rod extends into a ves- 
sel B, of glass or other suitable insulating material, having its bot- 
tom closed by a plug, which may be of metal, or through which 
passes a conductor D, forming part of the circuit. 

The speaking tube A, and base or standard B', which latter sup- 
ports the vessel B, are held in a fixed relation to each other by a 
suitable connecting frame C, or other well known means, and the 
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conductor D, above mentioned, is mounted upon an adjusting screw 
d, by which means it may be adjusted very close to the rod, without 
actual contact. The same result, however, might be attained by 
adjustably connecting the tube A and standard B!. 

The vibrations of the diaphragm a, will thus cause the rod a! to 
vary its relation to the conductor D, thus varying the resistance, 
and consequently the strength of the current passing through the 
circuit. 

It will be observed that the degree of variation in the strength of 
the electric current will correspond accurately with the amplitude 
and rapidity of the vibrations of the diaphragm, which vibrations in 
the annunciation of any given word are variable both as to ampli- 
tude, rate and complexity. 

The transmitter must, of course, be vewneitio’ i in a suitable frame, 
to hold it securely to prevent the waste of the resistance medium 
where liquid is employed as such medium. 

The variations in the strength in the electric circuit thus caused 
are transmitted through the circuit to the receiving station or repro- 
ducing apparatus, in which circuit is included an electro-magnet E, 
of ordinary construction, acting upon a diaphragm f, in a vocalizing 
chamber F, the construction of which will be readily understood 
from the drawings. 

Another form of reproducing apparatus is shown in an applica- 
tion for Letters Patent of the United States, filed by me simulta- 
neously herewith. 

What I claim as my invention, and desire to claim by letters 
patent is: 


1. The transmitter hereinbefore described, consisting of the 
combination in an electric circuit, of a diaphragm and a liquid, or 
equivalent substance of high resistance, whereby the vibrations of 
the diaphragm, caused variations in the resistance of the electric 
circuit, and consequently in the strength of the current traversing 
said circuit. 


The combination, substantially as hereinbefore set forth, 
in an electric circuit of a diaphragm, rese(r)voir containing liquid 
forming part of the circuit, a rod attached to the diaphragm and 
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projecting into the liquid, and an adjustable connection, whereby 
the paper relation between the parts of the circuit is maintained. 
In testimony whereof, I have hereunto subscribed my 
name. 
ELISHA GRAY. 
Witnesses : | 
Wa. J. PEYTON, e 
Wm. D. BaLpwiy. 


DIsTtRIicT OF COLUMBIA, ? __. 
City of Washington, _ 

ELIsHA Gray, the above-named petitioner, being duly sworn, 
deposes and says that he verily believes himself to be the original 
anc first inventor of the Improvements in Apparatus for Transmitt- 
ing Vocal Sounds Telegraphically, described in the foregoing speci- 
fication ; that he does not know and does not believe that the same 
was ever before known or used, and that he is a citizen of the 
United States. 

ELISHA GRAY. 
Sworn to and subscribed before 
me this 20th day of October, 
1877. 
[L. 8.] Wa. J PEyrTon, 
Notary Public. 


United States, 
Oct. 29, 1877, 
Patent Office. 


WasuHinaton, D. C., Oct. 29, 1877.) 
U. S. PaTent OFFICE. 
“TRANSMITTER” (Case 2). 


In the matter of the application of Elisha Gray, for Letters Patent 
for Apparatus for Transmitting Vocal Sounds Telegraphically, 


filed October 29, 1877. 


We request that a model may be temporarily dispensed with in 
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the application above mentioned, and that the case be forwarded 


to the examiner for his action. 
The model will be filed in a few days. 
Respectfully, 
BaLpwin, Hopkins & PEytTon, 


Attorneys for E. Gray. 


To the Commissioner of Patents : 


Model can be dispensed with for examination. 


J. H. McDonatp, 


Assistant in Ch’g. 


Approved : 
W. H. Doo.irtte, 
A. C. 


United States, 
Oct. 29, 1877. 
Patent Office. 


1. REJECTION. 


Oct. 31, 1877. 
Room No. 118. 
116-72. 
Copy sent 
Oct. 31, 1877. 
DEPARTMENT OF THE INTERIOR, ) 
U. S. Parent OFFICE, | 
Wasuineton, D. C., Oct. 31, 1877. ( 
(Case 2.) 
EisHa Gray, care Baldwin, Hopkins & Peyton, Present. 
TELEPFONE OR SPEAKING TELEGRAPH. 


Filed Oct. 29, 1877. 


The 1st claim of this application is substantially met in Patent 
of A. G. Bell, Mar. 7, 1876, No. 174,465. (Elec. Telephonie 
Telp’s.) 


The first claim is accordingly refused. 


H. C. TownseEnp, 
Exy. 


ee ee 
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2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U. S. Patent OFFICE. 


In the matter of application of Elisha Gray, for Patent Apparatus 
for transmitting vocal sounds telegraphically. Filed Oct. 29, 
1877. 
Wasuinaton, D. C., Dec. 4, 1877. 


To the Commissioner of Patents : 
Str—Herewith we file model to complete the above entitled 
application. 
Resp., 
BaLpwin, Hopkins & Peyton, 
Attys. for E. Gray. 


Patent Office, 
Dec. 4, 1877. ° 
U.S. A. ; 


LETTER TO OFFICE. 
Dec. 8, 1877. 
U. S. Parent OFFICE. 


In the matter of the application of Elisha Gray, for Letters Patent 
for Improvement in Telephonic or Speaking Telegraph. 
(Case 2). Filed October 29, 1877. . 
Wasuinaton, D. C., Dec. 8, 1877. 


To the Commissioner of Patents ¢ 
Str—The prompt declaration of an interference with the refer- 
ence cited in the official letter of October 31, 1877, is requested, 
said patent being granted in derogation of Gray’s caveat of even 
dlate with the application upon which it was granted. 
Respectfully, 
Baupwin, Hopkins & PEYTON. 
Attorneys for E. Gravy. 
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Dec. 8, 1877. : 
U. S. A. : 
4. INTERFERENCE C. 


March 26, 1878. 


Room No. 118 (No. 14). (Interference). 


INTERFERENCE C. 
116-72 (No. 2). 
Copy sent 
Mch. 26, 1878. 
L. S. RB. 
DEPARTMENT OF THE INTERIOR, 
U.S. Parent OFFICE, 
WASHINGTON, D. C., Mar. 26, 1878. 


EvisHa Gray, care Baldwin, Hopkins & Peyton, Present: 
Please find below a copy of a communication from the Examiner 
concerning your appln. filed Dec. 4, ’77 (No. 2). 
Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the pat- 
ent and applications named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by Rule 53, must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interterence is : 

Ist. The transmitter consisting of the combination in an electric 
circuit of a diaphragm and a liquid or equivalent substance of high 
resistance, whereby the vibrations of the diaphragm cause variations 
in the resistance of the electric circuit, and consequently in the 
strength of current traversing said circuit (Gray's Ist claim). 
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This is described in applications of Richmond and Edison and’) ‘ / 
patent of Bell. 

2d. In a telegraph instrument operated by sound, the combina- 
tion with the diaphragm of two or more electrodes placed in elec- 
trolytic liquid, and operating to increase and decrease the resistance 
of the electric-circuit by the movement derived from the diaphragm 
(Edison’s Ist claim). 

This is described in the applications of Richmond and Gray, and 
is substantially suggested in Bell’s patent. 

The parties to this interference are: G. B. Richmond, applica- 
tion filed August 24, 1877; G. W. Dyer, attorney, Washington, D. 
C.; T. A. Edison, application filed September 5, 1877 (Case 144); L. 
W. Serrell, box 4,689, N. Y¥. City, attorney; A. G. Bell, Patent No. 
174,465, March 7, 1876, A. Pollok, Washington, D. C., attorney. 

H. C. TownseEnp, 


Lr. 
5. INTERFERENCE D. 
March 26, 1878. 
Room No. 118. (No. 14.) (Interference. ) 
116-72 | 
Copy March 26, 1878. 
ee 


DEPARTMENT OF THE INTERIOR. ) 
U.S. Patent OFFICE, > 
WasHIncton, D. C., Marcu 26, 1878. ) 
INTERFERENCE D. 
ELIsHa Gray, care Baldwin, Hopkins & Peyton, present : 

Please find below a copy of a communication from the Examiner 
concerning your appl’n for patent for ‘ Apparatus for Transmitting 
Vocal Sounds Telegraphically ” (Case No. 2) filed Dee. 4, 1877. 

Very respectfully, 
Evuis SPEAR, 
Commissioner of Patents. 
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- Your case above referred to is adjudged to interfere with appli- 
cations named below, and the question of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it indorsed on the envelope. The 
subject matter involved in the interference is: 

‘Tn an electro-hydro telephone the fluid-holding vertically ad- 
justable tube within which the ends of the platinum points are im- 
mersed, as set forth substantially in Richmond’s 3d claim, described 
and shown in Edison’s application and described in Gray. 


PARTIES TO INTERFERFNCE. 


George B. Richmond. Application filed August 24, 1877. George 
W. Dyer, Washington, D. C., Attorney of Record. 
T. A. Edison. Application filed September 5,1877. (Case 144.) 
L. W. Serrell, Box 4689, N. Y. City, Attorney of Record. 
H. C. TownseEnp, 


Examiner. 
1877. 
Div. 16. Townsend. 116 
72 
No. (No. 2.) 


Elisha Gray, of Chicago, County of Cook, State of Lllinois, 


Apparatus for Transmitting Vocal Sounds Telegraphically. 
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Issue, / | 
Patented, 187 
Circular, | 
BaLpwIin, Hopkins & PEYTON, 
Present. 


1877. 
CONTENTS. 


Application paper. 
1. Rej., Oct. 31st, 1877. 
2. Letter to Office, Dec. 4, 1877. 
— Vs ao 

104 107 158 
4. Intf. x 58, 15, 58, Mar. 26, 1878. 
104 107 

. Intf. x 58, 15, Mar. 26, 1878. 


16. 
17. 
18. 
TITLE , 


Improvement in 
Exd. KE. E. McC. 
F. P, 


\ \M 
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\ 7 o.54m) Defendants’ Exhibit, *Gray’s Concave 


Diaphragm Receiver Speaking Telephone Ap- 
plication.” 


J. A. W., Sp. Ex’r. 


(Introduced in Record, page 12.) 


DEPARTMENT OF THE INTERIOR. 
Unitep STaTes PATENT OFFICE. 


Zo all persons to whom these presents shall come, greeting ¢ 


This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing, in the matter 
of the application of Elisha Gray, filed October 29th, 1877, for Elec- 
tric Telephony. 

In testimony whereof, I, Ellis Spear, Commissioner of 
of Patents, have caused the seal of the Patent Office 
to be hereunto affixed this twenty-first day of Au- 

[L. 8. ] gust, in the year of our Lord one thousand eight 
hundred and seventy-eight, and of the Independ- 
ence of the United States the one hundred and 
third. 

ELLIS SPEAR, 
Commissioner. 


CASE 3.—APPLICATION. 


To the Commissioner of Patents Py 

Your petitioner prays that Letters Patent may be granted to him 
for the invention set forth in the annexed specification. 

Also that you will recognize Baldwin, Hopkins & Peyton, of 
Washington City, D. C., as his duly authorized attorneys, with full 
power of substitution and revocation, to prosecute this applica- 


tion, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent Office connected 
therewith. 


ELISHA GRAY. 
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To all whom it may concern: 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented certain new and useful 
improvements in electric telephony, of which the following is a 
specification. 

Letters Patent of the United States, granted to me on the 27th 
day of July, 1875, and respectively numbered 166,095 and 166,096, 
show a method of and apparatus for producing musical tones by 
the action of a series of vibrating electrotomes, whereby several 
vausical notes simultaneously can be transmitted over a single 
electric circuit through a common receiver ; and in an application 
for Letters Patent of the United States, filed by me February 
93,1875, I have shown and described an apparatus for analyzing 
tones thus transmitted at the receiving end of the line, there being 
a corresponding receiver for each transmitter. 

The object of my present invention is to provide an apparatus 
‘capable of accurately reproducing in an electric circuit not only the 
different tones, but the pitch and quality of sounds, whether pro- 
duced by mechanism or the vocal organs; to which ends my in- 
provement consists, in interposing in an electric circuit an apparatus 
consisting essentially of a diaphragm arranged in close proximity 
to a magnet, so that the diaphragm is rendered sensitive to all 
electric impulses or vibrations transmitted through the circuit. 

In the accompanying drawings. | 

Figure 1 represents a vertical central section through one form 
of my improved reproducing apparatus ; 

Figure 2 represents an arrangement of the apparatus upon circuit, 
showing a method of transmitting musicial tones produced by vibrat- 
ing reeds or tuning-forks ; 

_ Figure 3 shows a duplicate arrangement of the reproducing ap- 
paratus in the circuit. In this figure either apparatus is capable of 
reproducing sounds transmitted from the other. 

In this instance the reproducing apparatus is represented as con- 
sisting of a trumpet-mouth or basin shaped vessel, A, the bottom of 
which constitutes a diaphragm of ‘thin sheet-metal, preterably of 
iron or steel. The vessel is secured by means of screws, or other 
well-known ways, upon a standard B, mounted upon a base or frame 
C, and electrically connected in well-known ways with the usual 
binding-posts, ce!,¢?, A post, D, also mounted upon this frame, 
supports a magnet E, the poles of which approximate closely the 
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diaphragm a@ of the vessel A. The relation of the poles of the mag- 
net to the diaphragm is controlled by means of a set screw, d, con- 
necting the posts B and D, or in other well-known ways. 

In this instance the magnet is shown as arranged on the inner 
side of the reproducing vessel A, but it will be equally emootive 
when arranged on the opposite side. | 

The proper proportion, form and mounting of this plate, dise or 
diaphragm are important conditions, which must be taken into con- 
sideration in order to obtain the best results. 

The plate or membrane should be thin—preferably cireular— 
equal in length and breadth, and should be rigidly supported at its 
edges in a proper frame, while the central portion, being elastic, is 
left free to take up and respond to sonorous vibrations of every 
character. 

All solid bodies tend to vibrate at a certain definite rate, called the 
‘“fundimental,” and when shaped with reference to the development 
of this characteristic to the greatest extent, itis difficult to excite 
vibration having any degree of amplitude other than the funda- 
mental rate belonging to them respectively. A tuning-fork is an ex- 
ample of a body whose form is calculated to develop this quality in 
a high degree. On the other hand, the more nearly a body assumes 
the form of a plate, preferably circular, made thin and supported 
not at one side alone but all around its edges, the more it loses its 
special fundamental character and becomes capable of vibrating at 
one rate as readily as another. 

The arrangement of the apparatus upon circuitis shown in figures 
2 and 3, andis readily understood by reference thereto. 

In Figure 2, M B represents the main battery, and T, a trans- 
mitting apparatus similar to that shown in Letters Patent No. 179,- 
549, granted to me July 4,1876, and shows a series of vibrating 
reeds, each transmitting a musical tone of different pitch, which may 
be thrown into operation simultaneously or successively by depres- 
sing the corresponding keys or levers, all the tones thus produced 
being transmitted over the line and reproduced by the receiving ap- 
paratus thus described. 

Figure 3 shows the receiver and transmitter both alike. 

With an apparatus thus constructed vocal sounds or articulate 
words spoken in one instrument will be accurately reproduced in the 
other, both as to pitch and quality, as well as tone; but I do not 
broadly claim in this application the transmission of vocal sounds 
telegraphically, as that forms the subject matter of another applica- 
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tion for Letters Patent of the United States, filed by me simultd- A 


néously herewith. 

It will be obvious to a skilfull electrician that the details of con- 
struction of the reproducing apparatus could be greatly varied with- 
out departing from the spirit of my invention, as long as it embodies 
the arrangement of a diaphragm vibrating in close proximity to but 
not in contact with a magnet. 

What I claim as myinvention and desire to secure by letters- 
patent is— 

The combination, substantially as hereinbefore set forth, in an 
electric circuit, of a magnet and a diaphragm supported and ar- 
ranged in close proximity thereto, whereby sounds thrown upon the 
line may be reproduced accurately as to tone, pitch and quality. 

In testimony whereof, I have hereunto subscribed my 
name. 
ELISHA GRAY. 
Witnesses : | 
Wo. J. Peyton, 
Wm. D. Batpwiy. 


-City oF WASHINGTON, ?) ... . 
District of Columbia. = 
ELIsHA Gray, the above named petitioner, being duly sworn, de- 
poses and says that he verily believes himself to be the original and 
_ first inventor of the Improvement in Electric Telephony, described in 
the foregoing specification ; that he does not know and does not be- 
‘lieve that the same was ever before known or used, and that he is a 

citizen of the United States. 
: ELISHA GRAY. 

Sworn to and subscribed before 

me this 20th day of October, 
1877. ( 
Wma. J. PEYTon, 

[L. s.] Notary Public. 
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- United States 
Patent Office, 
* Oct. 29, 1877. 
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Wasuinaton, D. C.,'Oct. 29, 1877. 
U.S. Parent OFFICE. 


‘““REPRODUCER.” (Case 3). 


In the matter of the application of Elisha Gray for letters patent for 
improvement in Electric Telephony, filed October 29, 1877. 


We request that a model may temporarily be dispensed with in 
the application above mentioned, and that the case be forwarded to 
the Examiner for his action. 
The model will be filed in a few days. 
Respectfully, 
BaLpwIn, Hopxins & PEYTON, a 
Attorneys for E. Gray. 


Zo the Commissioner of Patents : 


Model can be dispensed with for examination. 
J. H. McDona.p, 
Assistant in Ch’g. 
Appd., 
W. H. Doo.irtte, A. C. 
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‘ United States 
' Patent Office, 
* Oct. 29, 1877. 


1, REJECTION. 


Oct. 31, 1877. 
Room No. 118. DEPARTMENT OF THE INTERIOR, 
UNITED STATES PATENT OFFICE, > 
Wasuineton, D. C., Oct. 31, 1877. § 
Copy sent Oct. 31, 1877. 
ELiIsua Gray, care Baldwin, Hopkins & Peyton, present: 

Electric telephony. Filed Oct. 29, 1877. 

The peculiarities of “ magnet” F and its operation in connec- 
tion with the diaphragm are not set forth with sufficierit fullness. 
Said magnet is not described or shown as being in any manner dif- 
ferent from the ordinary electro-magnet having soft iron core’ and 
surrounding coils. 

The application, however, appears to be fully met in patent of 
A. G. Bell, January 30, 1877, No. 186,787 (Elec. Telephonic Tel’hs.) 


The application is accordingly refused. 
H. C. TownseEenpD., 
Examiner. 


2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U.S. Patent OFFICE. 

In the matter of the application of Elisha Gray for patent for elec- 

tric telephony, filed Oct. 29, 1877. 

Wasninaton, D. C., Dec. 4, 1877. 
Lo the Commissioner of Patents : 

Str—Herewith we file a model to complete the above-entitled 


application. 


tespectfully, 
BaLpwin, Hopkins & PEyTon, 
Attorneys for E. Gray. 
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- United States 
: Patent Office, 
* Oct. 29, 1877. 


Wasuineaton, D. C., Oct. 29, 1877. 


U. S. Parent OFFICE. 
““REPRODUCER. (Case 3). 


In the matter of the application of Elisha Gray for letters patent for 
improvement in Electric Telephony, filed October 29, 1877. 


We request that a model may temporarily be dispensed with in 


the application above mentioned, and that the case be forwarded to 
the Examiner for his action. 


The model will be filed in a few days. 
Respectfully, 
BaLpwin, Hopxins & PEYTON, 
Attorneys for EK. Gray. 


Zo the Commissioner of Patents : 
Model can be dispensed with for examination. 
J. H. McDonaxp, 
Assistant in Ch’g. 
Appd., 
W. H. Doo.itrtte, A. C. 
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‘ United States 
Patent Office, : 
* Oct. 29, 1877. 


1. REJECTION. 


Oct. 31, 1877. 
Room No. 118. DEPARTMENT OF THE INTERIOR, 
UNITED STATES PATENT OFFICE, > 
Wasuincton, D. C., Oct. 31, 1877. 5 
Copy sent Oct. 31, 1877. 
EisHa Gray, care Baldwin, Hopkins & Peyton, present: 

Electric telephony. Filed Oct. 29, 1877. 

The peculiarities of “ magnet” F and its operation in connec- 
tion with the diaphragm are not set forth with sufficient fullness. 
Said magnet is not described or shown as being in any manner dif- 
ferent from the ordinary electro-magnet having soft iron core’ and 
surrounding coils. 

The application, however, appears to be fully met in patent of 
A. G. Bell, January 30, 1877, No. 186,787 (Elec. Telephonic Tel’hs.) 
The application is accordingly refused. 

H. C. 'TOWNSEND, 
Examiner. 


2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U. S. Parent OFFICE. 
In the matter of the application of Elisha Gray for patent for elec- 
tric telephony, filed Oct. 29, 1877. 
Wasuinaton, D. C., Dec. 4, 1877. 


Lo the Commissioner of Patents : 
Str—Herewith we file a model to complete the above-entitled 
application. 
Respectfully, 
BaLpwin, Hopxins & PEyToN, 
Attorneys for E. Gray. 
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‘ United States 
Patent Office, 
Dec. 4, 1877. 


3. LETTER TO OFFICE. 
Dec. 8, 1877. 


U.S. Parent OFFICE. 


In the matter of the application of Elisha Gray for letters patent 
for Electric Telephony, filed October 29, 1877. (Case 3.) 


WasHINGTON, D. C., Dec. 8, 1877. 
To the Commissioner of Patents : 

Strn—We have the official Letter of October 31, 1877. An inter- 
ference is requested with the reference cited, which patent was 
allowed and issued in direct violation of Gray’s caveat, filed eleven 
months previously and in full force and effect when said patent was 
cranted ; and as the attention of the office had been specially called 
to this caveat at the time of the filing of the application for Bell’s 
patent of March 7, 1876, we are ata loss to understand how it could 
have been so completely ignored by the office. By such action great 
injustice has been done to our client and his interests materially 
affected. 

It being unnecessary for the purposes of this application that the 
construction and operation of the magnet with reference to the dia- 
phragm should differ from its heretofore well known operation in con- 
nection with other forms of armature, it was deemed unnecessary to 
describe its operation more fully, as it is well known to all skillful 
electricians, but such explanation will be furnished if required. 

The error of the office appears to have arisen from the assump- 
tion that an electro-magnet with a soft iron core would not act in- 
ductively. 

The misapprehension may have been caused by over-looking the 
fact that Gray uses a battery and a closed circuit, consequently the 
magnet is permanently charged. 

Respectfully, 
BaLpwin, Hopxins & PEYTON, 
Attorneys for E. Gray. 
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‘Patent Office, : 
Dec. 8, 1877.: 


4. (OFFICE) LETTER. 


March 18, ’78. 
Copied March 18, 1878. 
Room No. 118. Case No. 3. 
116-7] DEPARTMENT OF THE INTERIOR, 
UNITED STATES PATENT OFFICE, > 
WasHInGtTon, D. C., March 18, 1878. 6 


ELISHA GRAY, care Baldwin, Hopkins & Peyton, Present. 


Electric Telephony. Filed October 29, 1871. 


On further consideration ot this case with a view to the declara- 
tion of an interference involving patent of Bell and other pending 
applications, it apnears that by imadvertence the patent of Bell, No. 
186, 787, was cited in. official letter of October 31, 1877, as an 
anticipation, when, in fact, the claim as drawn should have been re- 
jected on reference to patent of Bell, No. 174, 465. It is true that 
applicant describes the diaphragm explicitly as a “ metal” diaphragm 
but he also incidentally speaks of a “ plate or membrane,” so that 
by implication the diaphragm might possibly be said to be either of 
metal or some membraneous material with an armature attached, 
although such a construction is nowhere specifically described or 
shown. 

In an application filed subsequently to the present it is explicitly 
stated that the diaphragm has an armature attached or that the 
diaphragm may itself be metallic and constitute the armature, and 
based on this description is a claim in the same terms as appli- 
eant’s, which claim, viewed in the lght of the specification, was 
necessarily rejected on the patent of Bell, No. 174,465. If the claim 
in the present application is to be construed so broadly as to in- 
clude a membraneous diaphragm, it should obviously be also rejected 
upon Bell’s patent No. 174,465; but if it is the intention to limit 
the application toa “metallic diaphragm,” such limitation should be 
expressed in the claim by the use of the word metallic, and refer- 
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ence in the specification either specifically or impliedly to a “ mem- 
braneous” diaphragm should be omitted. 
As the matter now stands, the office is in doubt as to the exact 


scope of the specification and claim. 
H. C. Townsenn, £2’7. 


5. LETTER TO OFFICE. 
Mar. 20, 1878. 
UNITED STATES PATENT OFFICE. 


In the matter of the application of Elisha Gray for Electric Teleph- 
ony, filed October 29, 1877. 


WasuHineton, D. C., March 20, 1878. 
To the Commissioner of Patents : 


Sirn—Referring to the official letter of the 18th inst., we request 
that Bell’s patent No. 174,465, may be included in the Interference 
if there is anything in said patent relative to a Talking Telephone, 
as it is our client’s intention to contest the matter in its broadest 
scope. 

Respectfully, 
BaLpwin, Hopxrins & PEYToN, 
Attys for LE. Gray. 


SRI a 
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U.S. 
‘ Patent Office, : 
‘March 20, 1878.: 
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6. INTERFERENCE E. 


M’ch 26, ’78. 


Room No. 118. (No. 14.) (Interference. ) 
118 
(No. 3.) INTERFERENCE E. 
Copy sent DEPARTMENT OF THE INTERIOR, 
Mar. 26, 1878. UNITED STATES PATENT OFFICE, 
iL. &. 3. WasHINGTON, D. C., March 26, 1878. 


EvisHa Gray, care Baldwin, Hopkins & Peyton, Present : 


Please find below a copy of a communication from the Examiner 
( concerning your application, filed Dec. 4, °77—Electric Telephony. 
Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
applications and patent named below, and the question of priority 
will be determined in conformity with the rules accompanying this. 
The preliminary statement demanded by Rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject of 
the invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is in an acoustic 
telegraph, an armature plate, the electro-magnet for the same, and 

| a closed circuit passing from the helix of such electro-magnet to the 
’ source of indulatory electric energy. 
| This is the subject-matter of Edison’s 3d claim, and is substan- 
tially described in the other applications and the patent involved. 
The parties to this interference are: 
T. A. Edison, app’n filed Dee. 13, ’°77 (Case 145), L. W. Serrell, 
Box 4689, N. Y. City, Attorney. 


S30 ee een ee . 
PARR sol sR Mamas Meee 


4 
(/ |As2 DEFENDANTS EXHIBITS. 


(\ UV) A. £7. Dolbear, app’n filed Oct. 31, 77, F. L. Pope, Elizabeth, N. 
/ J., Att'y of Record; Jas. L. Norris, of Washington, D. C., associate. 


A. -G. Holcombe, app’n filed Jan. 28, ’78, M. G. Farmer, Torpedo 
Station, Newport, R. L., Att’y. 

A. G. Bell, patent No. 174,465, March 7, ’76, A. Pollok, Wash- 
ington, D. C., Att’y. 

Geo. LB. Richmond, app’n filed Aug. 24, ’77, G. W. Dyer, Wash- 


ington, D. C., Att’y. = -_ 
. C. Townsenn, £2’?. 


7. INTERFERENCE G. 


M’ch 26, 1878. 
Room No. 118. (No. 14.) (Interference. ) 


116-71 INTERFERENCE G. 
Copy sent 
M’ch 26. 
L. S. R. 
DEPARTMENT OF THE INTERIOR, 


Et UNITED SraTEs PATENT OFFICE, 
WasuHineton, D. C., M’ch 26, 1878. 


Eisaa Gray, care Baldwin, Hopkins & Peyton, Present. 


Please find below a copy of a communication from the Exam- 
iner concerning your app’n for patent for ‘ Electric Telephony,” 
filed Dec. 4, 1877 (Case No. 3). 

Very respectfully, 
Interference G. ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is “ A telephonic 
receiver consisting of the combination in an electric circuit of a 
magnet and adiaphragm supported and arranged in close proximity 
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thereto, whereby sounds thrown upon the line may be reproduée4 
accurately as to pitch and quality” (substantially Gray’s claim). 
This is substantially covered by Holcombe’s 2d claim and is 
described or shown in the applications of Richmond Dolbear, Edi- 
son, and McDonough, and in patent of Bell. 


urties to Interference. 


Elisha Gray, app’n filed Dec. 4, 1877 (No. 3), Baldwin, Hopkins 


.& Peyton, Washington, D. C., Att’ys of Record. 


Geo. B. Richmond, app’n filed Aug. 24, 1877, G. W. Dyer, Wash- 
ington, D. C., Att’y of Record. 

A. fk. Dolbear, app’n filed Oct. 31, 1877, F. L. Pope, Elizabeth, 
N. J., Att'y of Record, J. L. Norris, Washington, D. C., Asso. 
Att'y. 

T. A. Ldison, app’n filed Dec. 24, 1877 (No. 148), L. W. Serrell, 
Box 4689, New York City, Att’y of Record. 

A. G. Holcombe, app’n filed Jan’y 28, 1878, Moses G. Farmer, 
Torpedo Station, Newport, R. I., Att'y of Record. 

James W. McDonough, app’n filed April 10, 1876, Gridley, Sher- 
burne, Chicago, Ill., Att’ys of Record. 

A. G. Bell, Patent No. 174,465, dated March 7, 1876, A. Pol- 
lock, Washington, D. C., Att’y of Record. 

H. C. Townsenn, £2’7. 


8. INTERFERENCE J. 
Mar. 26th, 1878. 
Room No. 118. (No. 14.) 


4i16 (No. 3.) 


(Interference. ) 


INTERFERENCE J. 
Copy made M’ch 
28, 1878. 
DEPARTMENT OR THE INTERIOR, 
UNITED STATES PATENT OFFICE, > 
Wasuinaton, D. C. March 26, 1878. \ 
EvisHa Gray, care Baldwin, Hopkins & Peyton, Present. 
Please find below a copy of a communication from the Examiner 
concerning your application filed Dec. 4, ‘77—-Electric Telephony. 
Very respectfully, 
ELLIS SPEAR, 
Commissioner of Patents. 
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Your case above referred to is adjudged to interfere with the 
applications and patents named below, and the question of priority 
will be determined in conformity with the rules accompanying this. 
The preliminary statement demanded by rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject 
of the invention and name of party filing endorsed on the envelope. 
The subject-matter involved in the interference is: The combination 
with an electro-magnet of an iron or steel diaphragm secured to a 
resonant case for rendering audible acoustic vibrations. (Edison’s 
lst Claim.) This is substantially embraced in Bell’s 3d and Dol- 
bear’s 3d claims, and described in app’ns of the remaining parties. 

Lhe parties to th is inter ference aTE « 

T. A. Edison, app’n filed Dec. 24, ’77 (Case 14)8, L. W. Serrell, 
Box 4689, N. Y. City, Attorney. 

G. L. Ltichmond, app’n filed Aug. 24, ’°77, G. W. Dyer, Washing- 
ton, D. C., Att'y. 

A. E. Dolbear, app’n filed Oct. 31, 1877, F. L. Pope, Elizabeth, 
N. J., Att'y, and J. L. Norris, Washington, D. C., associate. 

A. G. Holcombe, app’n filed Jan. 28, “78, M. G. Farmer, Torpedo 
Station, Newport, R. I., Att'y. 

A. G. Bell, Patent No. 186,787, Jan. 30, °77, A. Pollok, Wash- 
ington, D. C., Att’y. 

H. C. Townsenp, £2’7. 


1877. 
Div. 16. Townsend, 116 
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No. No. 3. 
Elisha Gray, of Chicago, County of Cook, State of Illinois. 
Electric Telephony. 
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Present. 
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Ps 


») AX . (No. 54p.) Includes the following Eleven Plate Ex- 
4 hibits introduced by Defendants from pp. 762 to 771 
inclusive, and p. 773, of Dowd Record, Part II. 
J. A. W., Sp. Ex’r. 


[Introduced in Record, p. 12.] 


DEFENDANTS EXHIBITS. 


DEFENDANT’S EXHIBIT, GRAY’S FIRST SINGLE 
TONE TRANSMITTER. 


DIMENSIONS, 
Length of spool... , ' ' 14 inches. 
Diameter of spool g 6 
Length of core. ' , a « 
Diameter of core . .. © 
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DEFENDANT’S EXHIBIT, ANIMAL TISSUE VIOLIN 
RECEIVER. 
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DEFENDANT’S EXHIBIT, GRAY’S ANIMAL TISSUE 
REVOLVING PLATE RECEIVER. 


DIMENSIONS. 
Diameter of drum , : . : ' 74 inches. 
Thickness of drum ‘ : ; ‘ :, | 
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DEFENDANT’S EXHIBIT, PAPER DRUM RECEIVER. 


DIMENSIONS. 
Diameter of drum . . , . ‘ 3% inches. 
Thickness of * . ; ; ,; ° 1 “ 
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DEFENDANT’S EXHIBIT, GRAY’S CONCA 
LIC DIAPHRAGM MAGNET RECEIVER. 


DIMENSIONS. 


Diameter of concave diaphragm . 
Diameter of base of diaphragm 
Diameter of spool 


Diameter of core . 


Length of core 


“deal 


11 inches. 
oF 6é 
1% ‘6 
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DEFENDANT’S EXHIBIT, GRAY’S TWO-OCTAVE 
TRANSMITTER. 
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DEFPENDANT’S EXHIBIT, GRAY’S CLOSED CIRCUIT 
SINGLE TONE TRANSMISSION APPARATUS. 


(Rreonp; Paar 85-) 


Single Tone Transmitter. 
Magnet Receiver. 
Battery. 

Key in Short Circuit. 
Ground Connection. 

Line Wire. 
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DEFENDANT'S EXHIBIT, GRAY’S WOODEN SOUNDING 
BOX MAGNET RECEIVER. 


DIMENSIONS. 
Length of box . , ; , , 164 inches. 
Length of spool . ‘ ‘ . . — * 
Diameter of spool , ; ‘ ; ; - * 


DEFENDANTS EXHIBITS. 


DEFENDANT’S EXHIBIT, DIAPHRAGM BOX MAGNET 
RECEIVER. 


DIMENSIONS. 
Length of core . . ‘ : 1} inches. 
Diameter of core . ‘ : . . : 1 és 
Diameter of cup . ' : 3 6 
Height of cup. , : 2,0 
(XXXVI) 
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DEFENDANT’S EXHIBIT, GRAY’S MECHANICAL 
TRANSMITTER. 


DIMENSIONS. 
Length of shaft . , . 


, ; " 5} inches. 
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DEFENDANT’S EXHIBIT, GRAY’S MULTIPLE TRANS- 
MITTER OF 1875. 


DIMENSIONS. 
Length of spool . , ; 14 inches. 
Diameter of spool ; ' ; . 
Diameter of core , , j 
Length of core . ' -_ * 
Length of reed . , ; , ;, ' 5) 
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(No. 54q.) Defendants’ Exhibit ‘“Gray’s Two-Tone f 
Transmitter.” 


“This instrument is shown in various views in the drawings of 
“ Defendants’ Exhibit Johnson Patent, Gray’s Magnetic Re- 
“* celver.” 


(Introduced by defendants in Record, p. 12, from Dowd Record, p.775.) 


J. A. W., Sp. Ex’r. 


(No. 54r.) Defendants’ Exhibit ‘“ Tin-Plate Re- 
ceiver.” 


“This is an ordinary tin plate about nine inches in diameter, 
‘“ having a screw-cup attachment.” 


(Introduced by defendants in Record, p. 12, from Dowd Record, p. 775.) 


J. A. W., Sp. Ex’r. 


(No. 54s.) Defendants’ Exhibit *“ Gray’s Resonant 
Box Magnet Receiver.” 


“This is a hollow circular tin box with holes in the top, and is 
“about three and one-half inches in diameter and one inch in height. 
‘It is shown, resting on the poles of an electro-magnet, on sheet 1 
‘of the drawings of Defendants’ Exhibit Gray Magnet Receiver 
“ Patent.” 


ar , — re 
(Introduced by defendants in Record, p. 12, from Dowd Rex ord, p. 775.) 


J. A. W., Sp. Ex’r. 
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L\ | 
~\ No. 55.) Defendants’ Exhibit, McDonough Evidence. 


J. A. W., Sp. Ex’r. 


[Introduced in Record, page 12.] 


May 14, 1884. 
JAMES W. McDONOUGH, OF CHICAGO, ILLINOIS. 


PENDING APPLICATION FILED Aprit 10, 1876. ‘“* TELELOGE.” 


To all whom it may concern : 

Be it known that I, James W. McDonovau, of the City of Chi- 
cago, in the County of Cook and State of Illinois, have invented a 
new and useful teleloge, and Ido hereby declare the following to 
be a full, clear and exact description thereof, which will enable 
others, skilled in the art to which my invention appertains, to make 
and use the same, reference being had to the accompanying draw- 
ings forming part of this specification, in which 

Fig. 1 represents a perspective view of a teleloge, embodying 
my said invention. 

Fig. 2 represents a sectional plan of the same, taking on line ~ z, 
drawn across Fig. 1. 

Fig. 3 represents a vertical transverse section of the teleloge 
taken on line x y, and 

Fig. 4 represents a general plan or top view of the same. 

Like letters of reference indicate like parts. 

The object of my invention is to provide a means for transmit- 
ting articulate sounds from one place to another through the me- 
dium of electricity, and it consists in the combination with an elec- 
trical battery circuit wires, armature, magnet and circuit-breaker, of 
a transmitting and a receiving membrane or sounding apparatus, 
so constructed as to vibrate in accord with the vibrations of articu- 
late sound, and so arranged relative to the magnet and circuit- 
breaker that the vibrations of the transmitting membrane or ap- 
paratus produced by articulate sounds, are transmitted by the 
electrical current to the receiving membrane or apparatus, and so as 
to cause a like vibration of the receiving membrane or apparatus, 
and it to reproduce the articulate sounds transmitted from and 

by the transmitting membrane orapparatus. My invention also con- 
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sists in the novel construction of the circuit-breaker, as is herein- 
after more fully described. | 

In the drawing A represents the transmitting membrane or ap- 
paratus, composed of vellum, or any suitable material that is sensi- 
tive to the vibrations of sound, which is stretched upou a metal hoop 
or band a, permanently attached to the bed A’, and is so arranged 
upon the hoop or band as to admit of being tightened or looosened at 
will. C C are metal plates attached to the upper surface of the 
membrane A, at its center, and are insulated from each other. D is 
a metal bolt permanently attached at its lower end to said mem- 
brane A, centrally. between the plates C C, and is insulated from 
them. D’ is the circuit-breaker, which consists of an arched shaped 
piece of metal loosely secured at its center upon the bolt D, and is— 
bent upward at each end, and from the membrane A, as shown in 
Fig. 3,so as to form depending V-shaped points adapted to rest up- 
on the respective plates C C. The circuit-breaker D’ is so fitted 
upon the bolt D as to admit of a free and easy ascending and de- 
scending movement, the limit of its ascending movement being de- 
termined by its contact with the nut E on the bolt, and the descend- 
ing movement being limited by its contact with the plates CC. F 
is the receiving or sounding membrane, which is also composed of 
vellum or any suitable material that is sensitive to the vibration of 
sound, and is stretched upon a metal hook or band a, secured to 
the side frame G, of the receiving or sounding apparatus, as shown 
in Fig. 1, and is so adjusted as to admit of being loosened or tight- 
ened as may be required. 

G’ is the magnet surrounded by a helix of insulated wire, and 
connected to the instrument immediately in front of the membrane 
IF’; and at a point near its centre. H is the armature plate perma- 
nently attached to the membrane F, between it and the magnet, as 
shown in Fig. 1. 

To each of the plates C C, is connected a wire J, one of which is 
connected with the battery K, and the other with the ground wire 
L. To each of the poles of the magnet is connected a wire M, one 
of which is connected with the battery K, and the .other with the 
ground wire, as shown in Fig. 1. | 

The operation of my said teleloge is as follows: The transmit- 
ting membrane A, being sensitive to the vibrations of articulate 
sounds produced thereon, is caused to vibrate in sympathy there- 
with, thereby imparting an upward movement to the circuit-breaker 
at each vibration, and disconnecting it from the plates C C, and al- 
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ternately breaking and closing the circuit, when the intermittent 


current alternately magnetizes and demagnetizes the magnet G’, at- 


tracting the armature H, and causes it and the membrane F to vi- 
brate simultaneously with the vibrations of the transmitting mem- 
brane A, and in accord therewith, and so that the said membrane F 
reproduces the articulate sounds transmitted from and by the mem- 
brane A. 

I do not limit myself to the construction and arrangement of the 
circuit-breaker D’, as shown and described, as other means may be 
employed, as for example, only one of the plates Cmay be attached 
to the membrane, and the other made either in the form of a plate 
or needle and attached direct to the connecting wire, and adjusted 
to rest upon the plate so as to break the connection by the vibra- 
tions of the membrane which will accomplish the same result. It 
will be observed that each end of the cireuit-breaker D’ is bent up- 
ward from the membrane, the object being to prevent local attrac- 
tion and render its action more sensitive to the lighter vibrations 
of the membrane. The articulate sounds may be taken direct from 
the magnet, or through any substance or material sufficiently sensi- 
tive to the vibrations of sound to reproduce them by contact with 
the magnet. 

Having thus described my invention, what I claim as new, and 
desire to secure by letters patent is: 

“1. The combination with the battery, circuit wires, magnet, 
armature and circuit-breaker, of the transmitting membrane A, and 
receiving membrane I’, substantially as and for the purpose speci- 
fied. 

“2. The combination with the plates C, C, of the circuit-breaker 
D’, whereby the circuit is alternately opened and closed by the vi- 
brations of the membrane A, substantially as specified. 

“3. The combination of the bolt D and adjusting nut EH, of the 
circuit-breaker D’, substantially as and for the purpose specified.” 

JAMES W. McDonovuau. 

Witnesses : 

N. C. GRIDLEY, 
N. H. SHERBURNE. 
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U.S. Patent OFFIcE, ? 
toom 118, 
WasHInGton, D. C., April 28, 1876. ( 
J. W. McDonovau, 
Care Gridley & Sherburne, Chicago, IL: 


T Teleloge, , April 10, 1876. 


In this application the transmitter shown does not appear to 
differ substantially from that shown in the old Reiss telephone 
shown and illustrated in “ Lerbuch der technischen Physik,” Vienna, 
1866, 3d edition. A view and description of such may be seen also 
in the “ Scientific American ” for March 4,1876. An actual Reiss 
apparatus has also been in possession of the Smithsonian Institute, 
and on public exhibition there for some years. 

Applicant’s receiver seems to be substantially met in the patent 
of A. G. Bell, 174,465, March 7, 1876 (electricity ; telephonic tele- 
graphs). 

On these references, applicant's claims are rejected. 

| Z. F. Wievr, 


Examiner. 


To the Commissioner of Patents: 


In the matter of the application of J. W. McDonough, for “ Tele- 
loge,” filed April 10, 1876. 


I hereby: amend my specification as follows : 

On 3d page strike out from and including the second line from 
bottom of said page to and including the ténth line on fourth page, 
and insert im lieu thereof the following, to wit: 

“To the.membrane A, or if this sneniliomeie be constructed of 
metal, it may be dispensed with, and the other either in the form of 
a plate or needle of any conducting material, and attached direct te 
the connecting wire and adjusted to rest upon the plate so as to 
break the cdnnection by the vibration of the membrane, which in 
this case is controlled upon the same principle by the screw, and 
confined between two points for the purpose of receiving the finest 
vibrations and taking advantage of the pressure of the same upon 
the plate or point. The breaking of contract may be rendered more 
abrupt and. the contact rendered more perfect by a drop of water or 


452 DEFENDANTS EXHIBITS. 


oil. ‘The moisture of the atmosphere will accomplish the same result. 
The transmitting and receiving apparatus may both be connected 
to the same membrane at each end or station, and controlled by 


switches in the usual manner.” 

Strike out the several claims and insert in lieu thereof the follow- 
ing, to wit: 

“The combination with membrane A, plates C, C, and circuit- 
breaker D’, of the bolt D, and adjusting-nut E, for confining the vi- 
brations of the membrane against the circuit-breaker, substantially 


as specified.” 
J. W. McDonovauy, 
By GRIDLEY & SHERBURNE, 
Attorneys. 
February 27th, 1878. 
Filed March 4th, 1878. 


UNITED STATES PATENT OFFICE, Room 118, 
Washington, D. C., March 8, 1878. 
JAMES W. McDonouau, 
Care Gridley & Sherburne, Chicago, II1., 
Speaking Telephone, filed April 10, 1876. 

The amended claim filed in this case, March 4th, it is thought 
may be allowed. The matter introduced at the end of the specifi- 
cation by the amendment is, however, held to be new matter, as it 
describes modifications nowhere adverted to or shown in the appli- 
cation as originally filed. 

This matter should consequently be erased. 

H. C. TOWNSEND, 
Examiner. 
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CERTIFIED COPY McDONOUGH’S LETTER TO THE COMMISSIONER OF ¢& |’ ~ 
PATENTS OF AUGUST 20, 1879, AND OF THE OFFICE REPLY. (7) 


FS, 


as 


DEPARTMENT OF THE INTERIOR. 
UniTep StTatTes PATENT OFFICE. 


Lo all persons to whom these presents shall come, Greeting : 


This is to certify that the annexed is a true copy from the files 


} of this oftice of two letters, in the matter of the Interference of 
: Holcomb vs. Gray vs. Dolbear, for Telegraphy. 
| In testimony whereof, I, E. M. Marsir, Commissioner 
: of Patents, have caused the seal of the Patent 
| Office to be affixed this fourth day of May, in the 
I | SEAL | year of our Lord, one thousand eight hundred and 
| eighty-two, and of the Independence of the United 
States the one hundred and sixth. 
E. M. MARBLE. 
) Commissioner. 
In the matter of the Interference between Holcombe, Gray, Bell, 


etc. vs. McDonough. 


CuicaGco, August 20th, 1879. 


The Hon. Com. Patents, 
Washington, D. C.: 

DEAR Str—I have received a copy of the preliminary statement 
of Alexander Graham Bell, which seems to refer entirely to cases I, 
J. K., &c., Patent No. 186,787 and in no way pertaining to Patent 
No. 174,465 Interference G. Has not Mr. Bell made a separate 
statement in regard to Interference G? If so, will you please send 
to my address a copy of Mr. Bell’s statement which refers to Inter- 


ference G, in which Iam concerned ? I should like to ask a question, 
if not improper, having fully described in my application filed April 
10th, 1876, a speaking telephone, am I not properly concerned in 
the case of Interference A ? 
By answer you will oblige 
Yours truly, 


JAMES W. McDonouau. 


‘290 So. Canal street, 
Chicago, Ill. 
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OFFICE LETTER TO McDONOUGH. 
Room No. 3, DEPARTMENT OF THE INTERIOR, 
Copies sent. Unirep Srates PATENT OFFICE, 


Washington, D. C., Aug. 28th, 1879. 
] 


In Re-Interference 


HoLCOMBE | ; 

| Before the Examiner of In- 
| terferences. 

VS. 


GRAY vs. DOLBEAR, ET AL. 


SuByJEcT MatTrer: “ 'TELEGRAPHY.” 
JAMES W. McDonovuau, 
Care Gridley & Co., 
Chicago, Il. 

In answer to Mr. McDonough’s letter dated August 20, 1879, he 
is informed that the judgment of the office was that he could not 
properly be a party in Case A. Ifhe thinks that judgment wrong 
his proper remedy is to move (by regular motion) to be made a 
party thereto. His attention is called to Rules 119 and 120, a copy 
of which is this day mailed him. 


Z. F’. WILBUR, 


Examiner of Interferences. 


PRELIMINARY STATEMENT OF JAMES W. McDONOUGH. 
Filed Sept. 23d, 1878. 
UNITED STATES PATENT OFFICE, 
BEFORE THE COMMISSIONER OF PATENTS. 


In the matter of the interference between 
Application of James W. McDonough, filed April 10, 1876. 
And Letters Patent No. 174,465, dated March 7th, 1876, issued to 
A. G. Bell. 


And application of Geo. B. Richmond, filed Aug. 24th, 1877. 


{ 
f 
; 
‘ 


anger oy 
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And application of A. E. Dolbear, filed Oct. 31st, 1877. 4 


And application of Elisha Gray (No. 3), filed Dec. 4th, 1877. 


And application of T. A. Edison (No. 148), filed Dec. 29th, 1877. 
And application of A. G. Holcombe, filed Jan. 28th, 1878. 
For 'TELEPHONE. 


STATE OF ‘oan 
County of Cook, 

JAMES W. McDonouau, being duly sworn, deposes and says that 
he is one of the parties to the above-entitled interference ; that he 
conceived the idea of a telephonic receiver, consisting of the com- 
bination of an electric circuit, of a magnet and a diaghragm, sup- 
ported and arranged in close proximity thereto, whereby sounds 
thrown upon the line may be reproduced accurately as to pitch 
and quality; and also constructed a_ practical instrument as early 
as the 3lst day of December, 1867; that subsequently, and on the 
26th day of August, 1871, this deponent made drawings of a speak- 
ing telephone embodying his said ideas, and that thereafter, on the 
30th day of June, 1875, this deponent reduced the same to practice 
by constructing and operating a speaking telephone substanially as 
shown and described in his said application. 

JAMES W. McDonouau. 
Subscribed and sworn to before me 
this 25th day of September, 
A. D., 1878. ‘ 
ARTHUR RYERSON, 
[SEAL. | Notary Public. 


Approved May Ist, 1879. 
Z. F. Wiper, 


Examiner. 
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UNITED STATES PATENT OFFICE, 


BEFORE THE COMMISSIONER OF PATENTS. 


In the Matter of Interference between i 


Eilsha Gray, A. E. Dolbear, A. G. Bell, Geo. B. Richmond, T. A. 
Edison, E. Berliner, and James W. McDonough. 


For IMPROVEMENTS IN ‘TELEPHONES. 


You are hereby notified that on Thursday, the 20th day of 

January, A.D. 1881, at 10 o'clock, A. M., at the office of Gmnid- 

ley & Co., Room No. 7, No. 135 8S. Clark street, in the City of 
Chicago, State of Illinois, we shall proceed to take testimony of 

James W. McDonough, Ada C. Eastman, John E. McDonough, Frank 

L. Eastman, Jeremiah E. Wilsey, T. B. Jeffery, Henry Greenwald, 

Calvin Cobb, Stephen Ryder, and L. M. Cobb, all of Chicago, IIl., 

4 and perhaps others, as witnesses in behalf of the said J. W. Mc- 


Donough. 

The examination wlll continue from day to day until completed. 
You are invited to attend and cross-examine. 

Dated Chicago, January 10, 1881. 


Yours, «c., 


GRIDLEY & Co., 
Attorneys for McDonough. 


To Baupwin, Hopkins & PEyToN, 
Attorneys for “ Gray,” No. 25 Grant Place, Washington, D.C. 
To GrEorGE W. Dyer, Esa., 
Attorney for “ Richmond,” No. 519 Seventh street, Wash- 
ington, D. C. 
To F. L. Pops, Esa., | 
Attorney for “‘ Dolbear,” 32 Park Place, New York City. a 
To L. W. SERRELL, Esq., 
Attorney for “ Edison,” No. 140 Nassau street, New York City. 
To J. J. Srorrow, Eso., 
Attorney for “ Bell,” and “ Berliner,” 40 State street, Bos- 
ton, Mass. 


| We hereby admit due'’service of a copy of the foregoing notice. 
Baupwin, Hopkins & PEyTon, 
Attorneys for Gray. 
JAMES J. STORROW, 
Counsel for Bell. 
, F. L. Pope, 
¥ Attorney for Dolbear, 
) By J. J. S. 


Service acknowledged Jan. 15, 1881. 
LEMUEL W. SERRELL, 
Attorney for Edison, 


WasHInGtTon, D. C., January 15, 1881. 


Good service this day upon me. 
GEO. W. Dyer, 
Attorney of Record for Richmond. 


UNITED STATES PATENT OFFICE. 


In the matter of interference between Elisha Gray, George B. Rich- 
mond, A. E. Dolbear, T. A. Edison, A. G. Bell, E. Berliner 


and James W. McDonough for improvements in Telephones. 


Depositions of witnesses examined on behalf of James W. 
McDonough, pursuant to the annexed notice at the office of Gridley 
& Co., No. 135 South Clark Street, City of Chicago, State of Ili- 


nois, on Thursday, January 20th, A. D., 1881 at 10 o’clock, A. M. 


Present—N. C. Griptey, Esa., on behalf of James W. McDon- 


ough. 


td 
say, in answer to interrogatories proposed to him by N. C. Gridley, 
Esq., counsel for the said James W. McDonough, as follows, viz.: 
| lst Question. What is your name, age, residence and occupa- 
tion ? 
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James W. McDonouauy, being first duly sworn, does depose and 


Answer. James W. McDonough; thirty-five years; residence, 


St C 


, t 


*. 
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Chicago, [linois; my occupation is that of a manufacturer, but I 
am not at the present time engaged in a regular business, having 
given up business some two years ago, on account of poor health. 
On account of the non-arrival of foreign counsel engaged in this 
interference, on behalf of the several parties thereto, at the request 
of counsel for McDonough, I adjourn this examination until 2.30 
o'clock, P. M., this 20th day of January, A. D., 1881. 
FREDERICK A. HERRING, 
Notary Public. 


Tuurspay, January 20, A. D. 1881. 
2.30 P. M. 


EXAMINATION RESumMED—Present, N.C. Gripey, EsqQ., counsel for 
McDonough; J.J. Srorrow, Esq., counsel for Bell, and Wiuiam D. 
Baupwin, Esq., counsel for Gray. 

F. A. HERRING, 
Notary Public. 


2d @. Prior to giving up business, how long were you engaged in 
business, and in what kind of business ? 

A. I was in business for about fifteen years. I was manufac- 
turer and wholesale dealer in bedding and upholstered parlor furni- 
ture. During this time I was a member of the firm of McDonough, 
Price & Co., and the firm was afterwards changed to McDonough, 
Wilsey & Co., which was the name of the firm at the time that I 
cave up business. 

3d Q. Were you the head of the firms which you have men- 
tioned, and did you have the principal charge in the management of 
the business of the said firms ? 

A. Iwas; I had the general management of the business and 
the general superintendence of the manufactories. 

4th @. Are you one of the parties to this interference ? 

A. I am. 

5th Q. What has been your experience in relation to merchants 
and physicians and the construction of mechanical devices and pat- 
ented inventions ? 

A. When I was about thirteen years of age I studied natural 
philosophy or physics in the High School at Cleveland, Ohio; we 
had there a good set of philosophical apparatus, consisting of tele- 
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graph instruments, galvanic batteries, acoustical apparatus, &c. JF 
was very much interested in this study, and from that time to the 
present have made experiments with electrical apparatus and in 
chemistry and photography; previous to my entering in business 
for myself, I worked as a mechanic and am used to handling tools. 
I have taken out a number of patents for articles connected with the 
business I was engaged in. 

I experimented in chemistry and with electrical apparatus when- 
ever opportunity offered. 

6th Q. Please state what was your experience in study and ex- 
periment, invention and practice, relating to the telegraphic trans- 
mission and reproduction of musical and vocal sounds or articulate 
speech; stating when you first conceived the idea of telegraphic 
transmission of sound and of articulate speech, and tle reproduc- 
tion thereof, giving in detail all your subsequent experiments, prac- 
tice and the results produced ? | 

A. In the year 1867 I lived with my folks in a house on Jeffer- 
son, between Madison and Monroe streets, in the City of Chicago ; 
while there, I constructed an instrument for the purpose of con- 
verting an interrupted current of electricity into continuous sound. 
This instrument consisted of a magnet of wrought iron, covered or 
surrounded by a helix of insulated wire; the ends of the wire were 
left loose or free from the magnet about three feet. sefore the 
magnet and supported by some books, in an upright position, was 
placed an iron hoop covered with a diaphragm of paper on the cen- 
ter of which was pasted a piece of tinned iron. The iron was placed 
close to the ends of the magnet, one of the loose ends of wire of the 
helix was connected with a galvanic battery, another wire connected 
the battery with a course file. | 

I operated this instrument by drawing the other loose end of the 
wire from the helix of the magnet over the file, thus making and 
breaking the current passing over the circuit, causing a magnetization 
and demagnetization of the magnet, thereby attracting the piece of 
iron fastened to the diaphragm, causing it ‘to vibrate and produce 
sound. 

7th Q. To what extent and what kind of sound was produced by 
the instrument you have described ? 

A. When the wire was drawn across the teeth, lengthwise of the 
file, a. continuous sound was produced, the pitch varying with a 
rapidity of the motion. 
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8th Q. At what distance from the diaphragm could the sound or 

sounds be heard ? 
A. My ear was probably three feet from the diaphragm; the 
sounds were plainly audible at that distance. . 
9th Q. What time in the year 1867, month and day, was it that 
you constructed the instrument and produced the results you have 
spoken of ? 

A. I cannot tell that ; I remember that it was in that house and 
in that year. 

10th Q. In your preliminary statement you refer to this instru- 
ment and experiment as having been made and accomplished as 
early as the 31st day of December, A. D. 1867; why and how did 
you fix that date ? 

A. That is the last day of the year, and I know it was in that 
year and in that house. 

lith Q. Have you the device or instrumentalities with which 
you made the experiments and produced the results which you have 
described now in your possession, or under your control? If not, 
what has become of the instrument or device ? 

A. I have a part of it; the iron ring and a part of the battery; 
the magnet I had in my possession until the year 1876; it was lost 
then. I don’t know what became of the file. The diaphragm was 
of paper, and was destroyed in the course of time, and the tin lost. 
I took no particular care to preserve them ; the wire I used in other 
experiments. 

12th Q. Have you made, or caused to be made, under your di- 
rection and supervision, a drawing of the instrument with which 
you performed the experiment in 1867, and which you have de- 
scribed? If so, will you produce such drawing, to be attached to 
your deposition ? 

A. I have had one made under my supervision, and I hereby 
produce it. 


Counsel for McDonough offer the said drawing in evidence, 
and the same is marked McDonough Drawing No. 1. F. A. 
Herring, Notary Public. 


13th Q. Who composed the members of the family with whom 
you resided in the year 1867, in the Jefferson street house, at the 
time you made the instrument and the experiment you have de- 


RECEIVER. 


Iron Hoop covered with Paper Diaphragm. 
Iron Magnet with Helix. 
Tron Plate fastened to Diaphragm. 
Battery. 
Wire connecting Battery and File. 
Wire connecting Magnet and File. _- 
F. A. Herrixe, 
Notary Public. 
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scribed ; and who, if any of them, had knowledge of the constrye- 
tion of the instrument, and of your experiments ? é 

A. My step-father, Jeremiah E. Wilsey; my mother, Margaret 
V. Wilsey ; John E. McDonough and Ada C. Wilsey, now Ada C. 
Eastman, and myself; they all knew that I was making experiments 
with electrical instruments. Mr. Wilsey knew the object of my ex- 
perimenting ; my mother is dead. 

14th Q. State what you next did toward the development of the 
invention which is the subject matter of this interference, when and 
where, and under what circumstances, and particularly when ycu 
first conceived the idea of a speaking telephone ? 


A. I was in the habit of making memoranda and _ sketches of 


ideas that occurred to me, for the purpose of preserving them and 
calling them to my mind, and I find a memorandum sketch in a 
book that I used for that purpose, dated August 26th, 1871. 


JANUARY 20, 1881, 4.15 P. M. 


Examination adjourned until 9.30, A. D. January 21, 1881, at 
the same place. 
IF. A. Herrina, 
Notary Public. 


Fripay, JANUARY 21, A. D. 1881, 9.30 A. M. 
EXAMINATION RESUMED. 


Present—N. C. GripLey, Esq., Counsel for McDonough; J. J. 
Srorrow, Esq., Counsel for Bell ; and Wm. D. BaLpwin, Esa., Coun- 
sel for Gray. 

EF. A. HERRING, 
Notary Publi. 


Witness resumes answer to 14th question, as follows, viz. : 


This sketch followed my conception of a speaking telephone, and 
was a memorandum or a sketch of several methods of making an in- 
strument when I should find an opportunity to work at it. At this 
time I had read accounts and descriptions of the phonautograph, 


mall 
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an instrument for recording vibrations produced by the sound of the 
human voice’in a diaphragm and recorded or written on a blackened 
surface. J had also read a brief description of the Reiss telephone, 
but had seen no illustration of it. I was acquainted generally with 
the state of acoustical science at that time. While making some 
drawings in reference to an electrical motor I conceived of the ides 
of an instrument which would convey articulate sounds through the 
means of electricity and reproduce them ata distance. Part of this 
plan was the employment of a diaphragm or membrane at each sta- 
tion. 

15th Q. Have you in your possession the book containing the 
sketch to which you refer, dated August 26th, 1871, and if so, will 
you produce such book, refer to such sketch or sketches, and give a 
description thereof, as to what they were intended to illustrate ? 

A. I have the book and produce it, and show the leaf containing 
the sketch. The drawings show one receiver, consisting of a 
stretched membrane, on which is pasted a piece of metal, and before 
which is an electro-magnet, which is connected with a battery and 
with a transmitter, consisting of a membrane stretched over a hoop, 
in the center of which membrane or diaphragm is fastened a small 
piece of metal, connected by wire with a magnet of the receiver. 
Upon this small piece of metal rested a piece of metal in the shape 
of a pin, which was supported by a frame. This metal pin was con- 
nected by wire with the battery, thus completing the circuit. The 
other sketches were of different plans of a transmitter that sug- 
gested themselves to me as possible ways of constructing a trans- 
mitter. There is attached to the sketch the writing, “ August 26, 
1871. To send speech through wires by means of electricity.” 

16th QM. When was the memorandum, to which you refer, made, 
and by whom ? 

A. It was made on the 26th day of August, 1871, and by myself. 

17th Q. What use have you made of the book in which this 
sketch and memoranda are contained ? 

A. The book was bought for use in our manufacturing business, 
and contained a list of names of dealersin furniture. This list filled 
but a small portion of the book, and when it was out of date I cut 
the leaves out containing those namesand used the book for a scrap 
book. It contained some accounts and other matter, and sketches 
and memoranda of over thirty (30) different ideas and conceptions. 

I afterwards, in 1876 or 1877, copied what I thought worth pre- 
serving into another book and threw this aside as of no value. 
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Fac simile of Drawing made August 26, 187]. 
F. A. Herrine, 
Notaru Public. 
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18th Q. Please mention for what purpose some of the several 
sketches, drawings, or memoranda to which you referred in that 
book were made ? 

A. What is called a ball-caster is one. Another was an electro- 
motor—half a dozen sketches of it. A cartridge box, an envelope 
counter, another electro-motor, a machine for making wire staples, 
memoranda concerning photographs in natural colors,some ideas on 
electric light, a fire extinguisher, to produce action in artificial 

hs by action of electricity controlled by raising the muscles in 

stump ; and a lot of more things. 

*9th Q. Were the sketches, drawings, ormemoranda to which you 

» referred all made by you? And were they placed or made in 

‘” book in regular order of date, or time, or how otherwise ? 
A. All that I have referred to were made by me; there was no 
empt made at system in any part of the book. I made the draw- 
.4s or memoranda wherever I happened to open the book or to 
ind any vacant space. 

20th Q. State whether or not the drawings and memoranda made 

‘you or your conception of the speaking telephone or transmitter 
aud receiver, to which you have referred as having been made 
August 26, 1871, are now in the same condition as you then made 


‘them, and whether or not you have, at any time, altered or changed 


them in any particular ? 
A. They are in the same condition ; [ have made no alterations in 
them. 


Counsel for McDonough offers the book referred to in evi- 
dence, and the page containing the drawings is marked 
“McDonough Drawing of August 26, 1871.” FE. A. Herring, 
Notary Publi. 

sy consent of counsel, a facsimile, referred to of August 
26, 1871, is attached to this deposition. The book referred 
to is to remain in the custody of the witness and is to be 
produced on the hearing if required by counsel. 


21st Q. When was your attention again called to the subject of 
speaking telephones, and what did you next do, and when and 
where, towards the development of your conception of the speaking 


telephone ? 
A. In April of the year 1874 I resided at No. 584 West Wash- 


ington street, Chicago. At this time my attention was again called 
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to the subject of electrical transmission of articulate sounds, and I 
started to work upon an instrument for the accomplishment of that 
purpose. I put my batteries into shape, and had made a magnet of 
wrought iron at the centre or base of which was soldered a screw for 
the purpose of fastening the magnet to a frame. I made no further 
progress on account of ill-health. 1 made preparations and_ went 
to Europe for the benefit of my health, starting about the middle 
of May, 1874. Ireturned to Chicago in November, 1874. While 
I was absent the firm of which I was a member commenced the 
erection of the building 290 to 294 South Canal street, Chicago, 
to use as a manufactory. I had to break myself into business from 
which I had absented myself, and give extra attention to building, 
and had no time to experiment. 

22d Q. What was the condition of your health, bodily and 
mentally, prior to your departure for Europe in May, 1874, and 
how long previous to that time had you been in ill-health ? 

A. I never had perfect health, and at times was incapacitated for 
work of any kind ; previous to my departure for Europe I spent a 
eood portion of the day lying on my back, and at last was compelled 
to take a vacation; [ was incapable of doing any kind of work, 
either mental or physical. 

23d Q. What causes, if any, existed between the conception of 
your idea ofthe telephone for the purpose of transmitting articulate 
words, and the date of your departure to Europe, which prevented 
you from developing your idea and reducing it to practice ? 

A. Attention to business ; after the fire of 1871 we moved our 
place of business, and moved into smaller quarters; our business 
increased, and general ill-health, which did not permit me to give a 
sreat deal of time to outside matters ; I had a great many ideas and 
conceptions that I never had an opportunity to work upon. 

24th @. Please state what you next did, when and where and 
under what circumstances, towards the development of your idea of 
the speaking telephone, stating any circumstances that were an in- 
centive to you to proceed, and where you resided at that time ? 

A. After my return in November, 1874, I did nothing until April, 
1875: in the latter part of April, 1875, I read in one of the daily 
papers of Chicago, the “Chicago Tribune,” of April 22d, 1875, a 
notice of an exhibition of a musical telephone ; while walking home, 
on this day, with Mr. Frank L. Eastman, I referred to this article in 
the paper and asked him if he had read it; his answer was that he 
had not; I then explained to him as well as I could 
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what the instrument was and what it had accomplished, ~ 
and told him that I knew I could make an instrument that 
would carry speech from one place to another instead of 
musical sounds; he asked me why I did not go to work and do 
it, and I answered that I would ; I spoke in regard to the commer- 
cial advantages of such an instrument, and told him that it would 
take the place of ordinary telegraph instruments ; when we arrived 
at home, I showed him the drawings in the book marked ‘‘ McDon- 
ough Drawing of August 26, 1871, F. A. Herring, Notary Public,” 
referred to in my answer to the 15th question, and explained to him 
my ideas and method by which I intended to accomplish the result ; 
we moved our business into the new store on Canal street, Chicago, 
about Mareh Ist, 1875, and our residence from No. 584 West Wash- 
ington street to No. 72 Warren avenue, Chicago, abont May Ist, 
1875; at that time the members of our household were Jeremiah E. 
Wilsey, Margaret V. Wilsey, his wife, who was my mother, John E. 
McDonough, Frank L. Eastman and Ada C. Eastman, his wife, who 
is my half sister, and myself; the house was painted and kalsomined 
after we moved in, occupying a week or ten days. 

In the latter part of May 1 commenced work again on the speak- 
ing telephone ; I had made for me two tin cases, and had the screw 
resoldered on the rod-iron magnet referred to in my answer to 21st 
question ; one end of each of these cases I covered with a stretched 
parchment diaphragm; they were pasted to the tin and tied around 
with a string ; one of these cases I used as a part of a receiver, and 
one as a part of a transmitter; the receiver was made by fastening 
the tin case by a screw which was soldered to it, to a wooden frame 
in such a position that the diaphragm was perpendicular to the 
frame. 

Near the centre of the diaphragm was pasted a piece of tinned 
iron. In front of the tin case and diaphragm was placed the rod- 
iron magnet, fastened by the screw to a raised part of the frame. 

The ends of the magnet were close to the tinned iron plate. The 
magnet was adjustable forward and backward. The part of the 
frame which supported the magnet could be moved on a pivot, 
formed by a screw passing through it. 

A helix surrounded the magnet. It was formed by wrapping the 
magnet with insulated wire in the usual manner, and the ends of the 
wire connected with two screw-eyes screwed into the frame, and 
which served as binding screws. 

The transmitter was formed by placing the other parchment- 
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covered tin case with the parchment diaphragm in a horizontal po- 
sition upon a frame which had an arm of wood, which entended 
over the centre of the diaphragm. 

Upon the centre of the parchment was fastened a small piece of 
thin German silver, which was connected by a wire to a screw-eye 
on top of the arm of the frame. Resting upon this piece of metal 
was a needle, which passed through a glass tube supported by the 
arm. The needle was free to move up and down in the glass tube; 
and was connected to another screw-eye by a thread of tin-foil. 

This transmitter and receiver were first used in the latter part of 
May, 1875? 

The receiver was placed upon a marble-top table in the second 
story front room of the house at 72 Warren avenue; the magnet of 
the receiver was placed in anelectrical circuit, formed by carrying an 
insulated wire from one of the screw-eye binding posts to a galvanic 
battery; a wire was carried from the battery to a chandelier in the 
centre of the room, through a transom into a back roeom to the trans- 
mitter. A second wire was run from the other binding screw of the 
receiver to the chandelier, and through the transom to the transmit- 
ter, thus completing the circuit. 


Recess taken until 2 o’clock P. M. 


This set of instruments was operated by singing upon the dia- 
phragm of the transmitter, the vibrations produced by the voice 
causing the diaphragm to vibrate, making and breaking the electric 
current at the point of contact between the needle and the piece of 
metal upon which it rested. This breaking of the current caused 
an alternate magnetization and demagnetization of the magnet of 
the receiver, attracting the piece of metal fastened to the membrane 
of the receiver and releasing it, causing it to vibrate together with 
the membrane, thereby producing sound which could be heard by 
the one at the receiver. This instrument was used and operated by 
myself and Mr. Eastman. We could recognize tunes, but no words. 

Answer objected to by counsel for Gray, as inconsistent 
with and as a departure from witness’ preliminary statement. 


25th @. Did any other person assist you, besides Mr. Eastman 
in making the experiment last referred to by you ? 
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A. Mr. Wilsey and John E. McDonough listened at the receiver 
while myself or Mr. Eastman sang. 

26th Q. Please state more particularly the location of the trans- 
mitter and of the receiver in your house at that time, how the one 
-was closed as against the other, and their distance apart ? 

A. The receiver was placed in the front part of the front room, 
near a window and marble-top table, the battery along side of it on 
the table ; the transmitter was placed in a back room of the same 
‘house on the same floor; the distance was about, in a straight line, 
forty feet. From the room in which the receiver was placed there 
-was a door leading to a hall, with a transom over the door ; the hall 
‘led past a wash room and a bedroom and to this back room, 
where there was a door that opened into the back rocm. When we 
‘operated the instruments the doors and transom were closed. 

' 27th Q. Did you construct the whole or any of the parts of the in- 
strument or device last described by you, and, if not the whole, what 
parts ? 

A. I constructed apart of it myself. I put the membranes on 
the tin cases of the receiver and transmitter. I made the frame on 
‘which the tin cases were placed. I wrapped the wire around the 
magnet, and put the receiver into its final shape. I put the piece of 
metal on the transmitter diaphragm and arranged it as I described 
it, with the needle resting upon the piece of metal and connected 
in circuit. I made the connections between the receiver and trans- 
mitter and with the battery. 

28th Q. Which of the parts of such instrument as ‘you have de- 
scribed were not constructed by you, and state by whom con- 
structed, if you now recollect ? 

A. The tin cases were made by a tinsmith, on West Madison 

street, Chicago, by the name of Greenwalt ; he also resoldered the 
‘screw on the rod-iron magnet. The battery and wires I bought 
‘some time prior to December 31, 1867. I bought the parchment 
pieces at some music store. 
' 29th Q. State whether you now have in. your possession the 
‘whole or any part of the instrumentalities which you have deseribed 
‘in making the experiment, as last described by you, and ii not, state 
»what has become of the same, if you know ? 

A. i have a part of them, consisting of the tin cases, one of the 
‘stands, that for the transmitter, one of the screw eyes that was in 
- the frame for the transmitter, and the needle that was used at that 
‘time. The frame for the receiver was used for the construction of 
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some other instrument; the wires and magnet of the recejver were 
used for the construction of another instrument. The parchments 
were destroyed in course of time or used for other purposes. 

30th Q@. Have you made, or caused to be made, a drawing of the 
instrumentalities or device used by you in making the experiments 
last described by you, and if so, will you produce such drawing ? 

A. I have caused a drawing to be made, and here produce it. It 
correctly represents the instruments as used at this time; the cir- 


cuit connections are all s» represented. 


Counsel for McDonough offers said drawing in evidence, 
and the same is marked ‘McDonough Drawing No. 2.” F. 


A. Herring, Notary Public. 


31st QM. Did you subsequently make any change in the instrument 
or device as shown in “* McDonough Drawing No. 2 ;” if so, when, 
and what change or changes did you so make ? 

A. I made an alteration in the transmitter, changing the posi- 
ing of the screw eye and substituting for the thread of tin foil a thin 
strip of German silver, one end of which rested upon the needle, the 
other end was placed in connection with the circuit wire. 

There was no change made in the receiver. This change was 
made about June 1, 1875. 

32d Q. Have you made, or caused to be made, a drawing ilus- 
trating the change made in the transmitter which you have just de- 
scribed, and if so, will you produce such drawing ? 

A. I have had a drawing made, and I here produce it. 


Counsel for McDonough offers said drawing in evidence, 
and the same is marked ‘“ McDonough Drawing, No. 3.” F. 


A. Herrring, Notary public. 


33d @. State whether or not you made any tests of the instru- 
ment as last changed by you; and if so, when and where, and what 
were the results obtained ? 

A. I tested the instrument, together with Mr. Eastman, im- 
mediately after-the alteration; the receiver was placed as before, 
the transmitter in the back room where it had been before, the cir- 
cult wires remaining the same and in the same place. We could 
hear with this instrument perfect tunes and could distinguish the 
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tone of the voice, but I do not remenber of hearing any distixet 
words. | 
34th @. Will you produce such parts of the instrumentalities 
which you used in the experiments last described by you, and which 
you now have in your possession; describing which of such parts 
are new or old ? 

I produce what parts I have left of the original instrument con- 


tained in the reconstructed instrument. 


The same is offered in evidence by counsel for McDonough, 
which is marked respectively, “ McDonough Receiver 
Exhibit, No. 1,” and “ McDonough Transmitter Exhibit, 
No. 2.” FT. A. Herring, Notary Public. 


In the instrument marked McDonough Receiver Exhibit, No. 1; 
the original parts are the tin case with the screw soldered to it, and the 
movable L-shaped piece of wood which serves to support the mag- 
net and adjust 1¢ to and from the diaphragm ; all the other parts are 
duplications. | 

In the Transmitte: marked McDonough Transmitter Exhibit, No. 
2, the tin case, the entire wooden frame, the screw eye are original ; 
the piece of glass tube, strip of metal and parchment and wires are 
duplications. The needle, now in the case of the Receiver, is one 
used during these experiments. The original magnet was used for 
another instrument, and the other parts reduplicated were lost or 
destroyed in time. 

The dimensions of the instruments were as follows, namely, the 
diameter of the parchment diaphragms is five inches, the length of 
the cases is four and one-half inches, the small end of the transmit- 
ter case is entirely open, its diameter is four and one-quarter inches ; 
it has a screw soldered to the outside of the case as shown in the 
two drawings. 

The smaller end of the receiver tin case is four and one-quarter 
inches and is closed by a sheet of tin, with a hole three-fourths of 
an inch in diameter in the middle. The magnet of the receiver, 
which is a reduplication, as near as I can remember of the original, 
is horse-shoe magnet, each limb of which is six inches long, made 
of a quarter of an inch iron rod, a foot long, bent into horse-shoe 
shape, with a screw soldered at the base by which it is attached to 
the standard. The magnet is wound with a helix substantially as 


shown in drawing No. 2. 


( 
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35 Q. Please state what you next did toward perfecting your 
invention, when and where and with what instrumentalities ? 

A. At this time I had an iron hoop which I had used in 1867. I 
sot a blacksmith to make a second iron hoop the same size of the 
first, with a screw attached on the outer flat-side of the hoop. I 
don’t remember the man who made it. I think his shop was on 
Canal street, Chicago. 

These two hoops I covered with parchment diaphragms, pasting 
the edges on the iron. When they dried they came off and I pasted 
a strip of cotton cloth on the hoops and pasted the parchment to 
this. 

[ made a receiver for telephonic transmission of articulate sounds 
by attaching the iron hoop to a frame by the screw. Near the 


center of the parchment diaphragm I fastened a piece of tinned 


iron with paste. Before this diaphragm was placed a magnet and 
helix taken from the receiver, described in my answer to the 24th 


question. 


4.30 o'clock P. M., January 21, A. D. 1881, examination ad- 
journed to same place at 9.30 o’clock A. M., January 22, A. D. 1881. 
EF. A. HERRING, 


Notary Public. 


January 22, 1881, 9.30 o’clock A. M. 


Examination resumed at the same place, the same parties being 
present. 
F. A. HERRING, 
Notary Public. 


Witness resumed his answer to the 35th question. 


The ends of the wire forming the helix were attached to two 
screw eyes which served as binding posts. The magnet was sup- 
ported by an arm moving upon a screw pivot somewhat smaller 
than that shown in the Receiver Exhibit No. 1, allowing the magnet 
to be adjusted forward and backward in front of the diaphragm. 
The ends of the magnet were directly in front of and close to the 
tinned iron piece pasted to the diaphragm. 

The transmitter was formed by covering an iron hoop with a 
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parchment diaphragm. Near the center of the diaphragm two thin 
pieces of German silver were fastened with paste; they were sepa- 
rated by about a half inch. To each of these pieces of German 
silver was attached a light connecting wire. A thin piece of Ger- 
man silver was bent in an arch-shaped form and rested loosely upon 
the pieces of German silver fastened to the diaphragm. 

While operating with the instruments described in my answers to 
the 24th question and the 31st question, we could distinguish some 
faint tones of the voice conveyed through the air from one room to 
another. 

To obviate this we placed the transmitter just described in a 
back parlor down stairs, and connected it in electrical cireuit with 
the receiver, which was placed upon the marble-top table near the 
window, in the second story front room of the same house. 

One of the circuit wires passed from the screw-eye binding post 
to the receiver to the binding post of a galvanic battery, which. was 
placed upon the marble top table at the side of the receiver. 

Another wire passed from another binding screw of the battery 
to a chandelier in the center of the room, through a transom, across 
to a pair of stairs, and down the side of the stairs, across a_ hall, 
through a door, into a back. parlor, where it was connected with one 
of the small wires attached to cne of the pieces of German. silver 
fastened to the diaphragm. Another wire was connected to the other 
small wire attached to the second piece of German silver pasted to 
the diaphragm. 

This wire followed the course of the first wire to the chandelier, 
and from thence was carried to the other screw eye binding post of 
the receiver. The wires deseribed above were all insulated. 

The doors and transoms were closed while we operated these 
instruments, at this distance, and no trace of any.sound could be 
distinguished as passing through the air when we tested this instru- 
ment by singing in front of the transmitting diaphragm. I found 
that the piece of arch-shaped metal resting upon the two flat pieces 
of German silver pasted to the diaphragm was shaken off by the 
vibrations, and I proceeded to attach it to prevent it from doing so. 
I passed a piece of thread through a hole in the center of the arch- 
shaped piece of metal, which I punched for that purpose, down 
through a hole in the diaphragm between the two pieces of metal 
pasted thereon, tying a knot in the thread under the diaphragm and 


another on top of the arched piece of metal. This held the piece of 


metal in place and we twisted the thread to tighten it. 


ee 
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The ends of the arched piece of metal rested upon the two 
pieces of metal pasted to the diaphragm, completing the electrical 
circuit. The current coming from one pole of the battery passed 
to one of the pieces of German silver, thence through the arched 
piece of metal to the other piece of German silver, from thence, by 
the conducting wire, through the helix through the magnet of the 
receiver to the other pole of the battery. We operated this instru- 
ment as now arranged by singing in front of the transmitter and 
listening at the receiver up-stairs. This instrument was operated 
by Mr. Eastman and myself. We could distinguish tunes and some 
words distinctly. I then had made a screw pin of brass. This 
screw pin was formed of a small piece of brass wire about an inch 
long; a screw thread was turned on each end; at about one-third 
of the distance from one end a small lead nut was fastened. An- 
other small movable lead nut was screwed on atthe same end, and 
another of the same size was screwed on the other end of the brass 
wire. 

I put this screw pin in the place of the piece of thread with the 
knots. 

The pin was attached to the diaphragm by passing one end 
through the diaphragm and screwing a nut against the other side of 
the diaphragm, opposite the stationary nut. 

This pin stood at right angles with the diaphragm projecting 
above it about two-thirds of its length. The arch-shaped piece of 
metal was placed as before, the pin passing through the hole in the 
center, and a nut was screwed on the top of the pin. 

The position of the transmitter and receiver was not altered ; 
the circuit wires and battery remained the same and in the same 
positions ; the course of the current was the same. 

Iwas assisted in operating this instrument by Frank L. East- 
man, Jeremiah E. Wilsey and John E. McDonough. 

We obtained results as follows, viz.: clearly recognizable tunes, 
and entire sentences of clearly understood words were transmitted 
through the instruments and heard at the receiver. 

This iron-hoop receiver and transmitter, with a thread attach- 
ment, were completed about the middle of June, 1875. 

The substitution of the screw pin for the thread in the transmit- 
ter followed shortly after, and the operation of the last described in- 
strument took place in the last week in June, 1875 ; the precise day I 
cannot tell. These results were obtained at the house known as 
No. 72 Warren avenue, Chicago. 
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I was not able to state the exact day, and in my preliminary 
statement fixed on the last day of June, 1875, as the latest day upon 
which we obtained the deseribed results. 

36th Q. State any cirenmstance that enables you to fix the dates 
last mentioned by you. 

A. We moved into the house on Warren avenue the first week in 
May, 1875, and were about a week or ten days unsettled. Toward 
the latter end of May, 1875, I commenced working on this, and 
continued to the latter end of June, 1875. 

Mr. and Mrs. Eastman and myself were at Highland Park on the 
4th of July, 1875. Mr. Eastman and myself had some conversation 
regarding this subject of the telephone. After returning, I started 
on a vacation about the second week in July, and was gone possibly 
six weeks. 

37th Q. Are you positive from the circumstances which you have 
stated, that the devices or instrumentalities which you last described 
were operated and the results produced, as stated by you, prior to 
the 4th day of July, and as early as the thirtieth day of June, A. D. 
1875 ? 


Objected to as leading and incompetent. 


A. I am positive that the instruments were used at that time, 
and the results described obtained. | 

38th QM. Can you state what tunes or spoken words were trans- 
mitted and heard through the instruments that you have last de- 
scribed at the date mentioned by you ? 

A. To my own knowledge the tunes were, “ Swance River,” 
‘“ Muftin’s Man,” ‘‘ Shoe Fly ” and some others. The words which 
impressed themselves upon me more particularly were “ Way down 
upon the Swanee Ribber, far, far away,” which I heard consecu- 
tively and clearly, noticing the elison at the beginning of the word 
“way, and the change of “v” to “b” in the word “river.” The 
words of other tunes were distinct when the instruments were prop- 
erly regulated. 

I, myself, could distinguish peculiarities of voice in those speak- 
ing or singing. 

I don’t remember what spoken words, if any, were used at this 
time. 

39th Q. You state that you could distinguish peculiarities of 
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voice. Am I to understand that you could recognize the voice of 
the person singing or speaking through the instruments ? 


Objected to as leading and incompetent. 


A. When I could distinctly understand the words I could. 

40th Q. You have stated the names of some persons who assisted 
you in operating the instrument and in producing the results you 
have described. Will you now state the names of persons, if any, 
who had knowledge of the result produced by such instruments, at 
or about the time named by you? 

A. My mother and sister knew of the results, probably, by hear- 
say, during the fall of the vear 1875. I told several persons that I 
had made and successfully operated an instrument for the trans- 
mission of vocal sounds telegraphically. 

Among these last were T. B. Jeffery, who made the screw pin for 
me described in the instrument, S. G. Wilkins, Calvin Cobb, and L. 
M. Cobb and some others. 

41st @. Have you made, or caused to be made, a drawing illus- 
trating the instruments last described by you, and if so, will you 
produce such drawing ? 

A. [have caused a drawing thereof to be made, and I hereby 


produce the same. 


Counsel for McDonough offers the drawing in evidence, 
and the same is marked “ McDonough Drawing No. 4.” 
I’. A. HERRING, 
Notary Public. 


42d @. Did you construct in whole or in part, the instruments 
last described by you, and as shown in drawing No. 4; and if not, 
who assisted you in constructing such instruments ? 

A. I constructed them in part, the iron hoops were made by 
blacksmiths, the magnet of the receiver was one taken from the 
instrument described in my answer to 24th question; the screw pin 
in the transmitter with the nuts attached was made by T. B. Jeffery, 
a model maker on Canal street, Chicago; I made the frame or base 
of the receiver myself; I put the diaphragms on the hoops, con- 
structed and attached the pieces of metal to the transmitter, and 
arranged and put the entire instrument in the shape as described. 

43d @. Have you the instrument referred to, or any of the parts 
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thereof, now in your possession, or under your control ; and if t, 
what has become of such instrument or parts thereof ? . 


12.30 o’clock P. M. Recess taken until 2 o'clock this P. M. 
EF. A. HERRING, 
Notary Public. 


2 ocLock P. M., Jan. 22, 1881. 


Examination resumed, at same place; same parties being pres- 


ent. 


I’. A. HERRING, 
Notary Publie. 


Witness in answer to 45d question says as follows, viz.: 


A. [havea part of the instruments, one of the iron rings, 
the magnet, part of the helix, the brass screw-pin and small wires of 
the transmitter were put into a modcl which was sent with my ap- 
plication to the Patent Office. 

The ends of the magnet were cut off to reduce the size to that 
required by the Patent Office. 

The parchments were cut up to furnish diaphragms for the same 
model. The second iron ring has been lost; the frame of the re- 
ceiver was used for other instruments, and I do not know what 
finally became of it. 

The battery I have yet in a ruined condition, worn out; the cir- 
cuit wires were used up in other experiments. ) 

44th @. Have you made or reproduced the instruments last re- 
ferred to, and as shown in McDonough’s Drawing No. 4, in whole 
or in part, and if so, will you now produce the same ? 

A. I have made a duplication of these instruments, using the iron 
ringas a part. The other parts are all duplications. I here pro- 
duce the duplicate of the receiver and transmitter. In my deserip- 
tion of tris transmitter I said that the two pieces of metal pasted 
to the diaphragm were a half inch apart; I should have said anineh 
and a halt. 

The parchment pitces on the receiver were not in the original, 
but are placed to fasten the German silver pieces more securely 
than they were originally. 

The piece of parchment, covering and holding in place the piece 
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of tinned iron of the receiver diaphragm, is also placed there for the 
purpose of preventing the piece from being lost. 

45th Q. Do the duplicates that you now produce correctly repre- 
sent respectively the construction, form and dimensions of the re- 
ceiver and transmitter, with the exceptions you have stated, and 
what are the dimensions of such duplicate instruments ? 

A. They do. The dimensions are as follows, viz: The internal 
diameter of the hoop is 12 inches; the hoops are about an inch 
wide, and of about one-eighth (}) inch won. The pieces of German 
silver fastened to the diaphragm are about one inch and a half (14) 
long and a half ($) inch wide, turned up at the end a quarter of an 
inch to three-eighths (2) ch. The bridge piece is three-eighths 
(2) of an inch high, and the distance between the points that rest 
on the German silver pieces is one and thirteen-sixteenth inches ; 
the width is five-sixteenths of an inch. I can’t tell the thickness 
of the German silver. It is pretty thin—such as ordinarily used 
for making small stencil plates. 


Counsel for McDonough offers the said instruments in evi- 
dence, and they are marked respectively “McDonough 
Transmitter, Exhibit No. 3,” and “McDonough Receiver, 


Exhibit No. 4.” F. A. Herring, Notary Public. 


46th Q. State, if you recollect, the date of the filing of your ap- 
plication ior letters patent involved in this interference ? 

A. April 10, 1876. 

47th @. Why did you delay filing your application for letters 
patent to that time ? 

A. The sounds which we received from this instrument were not 
very loud. It was necessary to hold the ear within four or five 
inches of the receiving diaphragm to understand words. 

I thought I could make an instrument which we could hear in 
any part of the room. After accomplishing the results heretofore 
described, it was absolutely necessary that I should quit work and 
take a vacation. When I arrived at home I commenced work about 
the first of September, 1875, on new instruments for the purpose of 
increasing the volume of sound. I made probably fifteen different 
instruments, not differing in principle from that of the last of June, 
L875. 

I had diaphragms, varying from one and one-half inches to fif- 
teen inches in diameter. I used larger and smaller size mag- 
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nets, and from one to eight cells of battery. I substituted othér 
kinds of metal for the German silver in the transmitter; for the re- 
ceiver diaphragm was substituted a wooden box of light wood, to 
which the tinned iron was pasted. I had a receiver in which the 
diaphragm was the end of a tin case which I had made. Not hav- 
ing obtained anything which gave it a louder articulation, and being 
urged by those around me, I made my application at the time 
stated. | 

48th Q. Was your time wholly occupied between the 30th day of 
June, 1875, and the 10th day of April, 1876, in your attempts to 
increase the volume of sound in the instruments which you have 


deseribed ? 
Objected to as leading and incompetent. 


A. No; Iwas in Highland Park the day of the 4th of July; I was 
on a vacation for six weeks. Most of my time in the day was occu- 
pied in business. I worked for this object nights and mornings at 
every opportunity. 

49th Q. Between tie dates mentioned, what was your regular 
business, and the name of the firm with which you were connected ? 

A. My regular business was that of a furniture manufacturer. 
I had the general supervision of the business and special supervision 
of manufactures. The name of the firm was McDonough, Price & 
Co. 

The foregoing deposition, and particularly the 3lst to 35th an- 
swers, inclusive, objected to as not warranted by the preliminary 


statement, application and issue. 


(CROSS-EXAMINATION BY Mr. Srorrow: 


50th Cross-Q. Have you stated all that you did or accomplished 
relative to the electrical transmission of sound prior to April 10, 
1876 ? 

A. I have not described with full details all of the instruments 
made between June 30th, 1875, and April 10th, 1876. 

51st Cross-Q. I understand from your 47th answer that during 
that time you made probably fifteen instruments, and that none of 
them differed in principle from that of the last of June,1875; is that 
the fact ? 

A. In the general principle they did not differ. 
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52d Cross-Q. I understand that your instruments of the last of 
June, 1876, are, as near as you can recollect, correctly represented 
by McDonough Drawing No. 4; 1s that so? 

A. I believe them to be so, with the exception that the diaphragm’ 
of the transmitter in the drawing should be the same size as that of 
the receiver in the same drawing. 

53d Cross-Q. Was the instrument and apparatus of the last of 
June, 1875, the same in its principle and mode of operation as the 
instruments desribed in your application of April 10, 1876 ? 

A. Yes, it was substantially the same. 

54th Cross-Q. If there was any difference between them, please 
point it out ? 

A. In the instrument applied for in the application there was a 
wooden frame attached as a baseboard to the transmitter hoop ; and 
the hoop. of the receiver was also attached to a wooden frame, in an 
upright position; the operation of the instruments was not dif- 
ferent. 

544th Cross-Q. The original drawing, of which you have put in 
a fue simile, marked McDonough Drawing of August 26, 1871, was 
in pencil, was it not ? 

A. Yes 

5d5th Cross-Q. The drawings marked McDonough Drawings Nos. 
1, 2 and 3 respectively, have been made by you, or under your di- 
rection, within a few weeks, as part of the preparation for taking 
your deposition, have they not? 

A. No, they were not made within a few weeks ; they were made 
about two months ago. 

d6th Cross-Q. I understand that they are prepared from your 
recollection and from such parts of the original instruments as you 
have produced and identified ; is that the fact ? 


A. Yes. 


2 o'clock P. M., 
January 22, 1881. 
Examination adjourned to Monday, January 24, 1881, 9.30 
o'clock A. M., at same place. 
) F. A. HERRING, 
Notary Public. 
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Monpay, January 24, 18845) - 

930 A.M. § 


Cross-examination resumed, the same parties being present. 
I’. A. HERRING, 
Notary Public. 


57th Cross-Q. Please look at your 40th answer, and tell me what 
business or other connection you had or have with the last three 
persons mentioned ? 

A. S. G. Wilkins was bookkeeper for McDonough, Wilsey & 
Co. He is now a member of the firm of Eastman & Wilkens, our 
successors. Calvin and L. M. Cobb have been friends of mine for a 
number of years. 

8th Cross-Q. Have you had knowledge from time to time of the 
official correspondence between the Patent Office and your solicitor 
with reference to your interfering application ? 

A. Yes. 

o9th Cross-Q. You were personally present when depositions on 
the part of Mr. Gray were taken in the telephone interferences in 
May, 1880, in Chicago, were you not ? 

A. I was present part of the time. 

60th Cross-Q. At that time, or shortly after, you were furnished 
with the printed volumes of the testimony in the “ Telephone 
Suites” Bell Co. vs. Dowd, were you not ? 

A. Yes; it was shortly after that. 


CROSS-EXAMINATION BY WinuiAM D. Baupwin, Es@., CouNSEL FoR 
GRAY: 


61st Cross-Q. Please state what works on plhysics, including 
electricity, you had read prior to 1866 ? 

A. Our text-book in school. I think it was ‘“ Parker’s Philos- 
ophy.” I had another text-book beside that, of which I do not re- 
member the name, on the same subject ; Tyndall’s works on heat, 
light and sound; the “ American Annual of Scientitic Discovery,” 
“The Scientific American,” and encyclopedias and general works 
on the subject of physics, in libraries and book stores. 

62d Cross-Q. Did you ever read Davis’ “Manuel of Mag- 
netism ? ” 

A. I don’t remember the book. I never heard of it, to my pres- 
ent knowledge. 
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63d Cross-Q. ‘What led you to use a parchment diaphragm ? 

A. I suppose I used parchment because I had seen it on banjo 
heads, and knew it to be good material for diaphragm. 

64th Cross-Q. Had you any particular object in using an iron 
hoop as a support for your diaphragms, instead of any other ma- 
terial ? 

A. No; I merely made it strong enough to hold the diaphragm 
securely. 

65th Cross-Q. What called your attention to the subject of 
electrical transmission of sounds April, 1874, as stated in your 21st 
answer ? | 

A. It was called to the subject again through general study of 
electricity and by looking over my drawings. 

66th Cross-Q. When did you first hear of Elisha Gray’s inven- 
tion of the harmonic telegraph or telephone ? 

A. I think the first I ever heard of Mr. Gray’s inventions was in 
April, 1875. 

67th Cross-Q. Had you, prior to April, 1874, any acquaintance 
among the telegraphic fraternity of Chicago ? 

A. No general acquaintance. 

68th Cross-Q. How much of your time did you spend in England 
between May and November, 1874 ? 

A. At different times ; three or four weeks. 

69th Cross-Q. Did you meet Gray while abroad or hear of his 
telephonic inventions ? 

A. I did not meet him. I have no remembrance of his inventions 
prior to the spring of 1875. 

70th Cross-Q. Was it Gray’s exhibition of a musical telephone 
that you read of in the ‘ Chicago Tribune ” of April 22, 1875? 

A. Yes, it was. 

(1st Cross-Q. What led you to select tin or tinned iron for the 
cases of your instrument of May, 1875 ? : 

A. It was because it was easy to make them of that and it was 
cheap. 

72d Cross-Q. Why did you make them in the shape of the frus- 
trum of a cone instead of cylindrical ? 

A. I don’t believe I had any particular object in having them 
constructed in that way. 

73d Cross-Q. Had you any particular object in making them of 
the diameter you did ? 


xs too much. 


A. No; only to keep them from costing 
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74th Cross-Q. What particular object had you in using a Germafi 
silver patch on the transmitting diaphragm ? | 

A. No particular object as to the metal. I could get a light, 
hard piece of metal that way, which was a conductor of electricity. 

75th Cross-Q. Did you meet Elisha Gray during your visit to 
Highland Park, July 4, 1875, referred to in your 36th answer ? 

A. No; the first time I ever met Mr. Gray was at a lecture in 
McCormick Hall in this city in 1878, I think. 

76th Cross-Q. On what ground were you urged by those around 
you to file your interfering application, as stated in your 47th an- 
swer ? 

A. I told them that it would be my luck to have somebody else 
get ahead of me, and I worried over it somewhat, and they urged 
me to make my application because [ had got good resu!ts and ought 
not to wait. 

77th Cross-Q. Have you assigned or agreed to assign this inven- 
tion or any interest therein to any one, or do you still own the en- 
tire interest ? 

A. I have made a provisional contract to assign my patents in 
regard to this invention, which I may hereafter obtain, to the 
American Bell Telephone Company. 

78th Cross-Q. When was this contract made ? 

A. It was about the first day of November, 1880. 

79th Cross-Q. Is that contract verbal or in writing ? 

A. In writing. 


Counsel for Gray calls for the production of the contract, 
that it or such portions of it as may be deemed material may 
be used as evidence in the case. 

Witness states that the contract with the American Bell 
Telephone Company is a private contract, his compensation 
depending upon his obtaining a patent for his invention, and 
that under instructions from his counsel he declines to produce 
said contract. 


Further cross-examination declined by. counsel for Gray. 
JAMES W. McDonovuau. 
Subscribed and sworn to before 
me this 24th day of January, 
A. D. 1881. : 
[L. 8. ] FREDERICK A. HERRING, 
Notary Public. 
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January 24, 1881, 12 o’clock, M. 


Examination adjourned to 2 o'clock, P. M., to-day, at same 


place. 


F. A. HERRING, 
Notary Public. 


January 24, A. D. 1881, 2 o’clock P. M. 
Examination resumed at same place. 
F. A. Herrinea, 
Notary Public. 


Frank L. Eastman, being first duly sworn, does depose and say, 
in answer to interrogatories proposed to him by N. C. Gridley, Esq,., 
counsel for James W. McDonough, as follows, viz: 

Ist @. What is your name, age, residence and occupation? 

A. Frank L. Eastman ; thirty years of age ; residence, 385 West 

tandolph street, Chicago, Illinois, and my occupation is that of a 
furniture manufacturer. Am of the firm of Eastman & Wilkins, and 
am a brother-in-law of James W. McDonough. 


2d. Are you acquainted with the subject matter involved in this 


interference ? 

A. Yes, sir; I believe I am. 

3d (. When, tor the first time, was your attention called to the 
idea of transmitting sound or articulate speech, telegraphically or by 
means of whatis now known as a telephone, and by whom and 
under what circumstances ? 

A. It was some time in the spring of 1874, by Mr. J. W. Mc- 
Donough. We were looking through a book in which he had some 
drawings of different instruments. He said he thought it was pos- 
sible to send speech over a wire. There was other talk about it, but 
that is about all that was said aboutit at that time. He showed me 
a drawing of a machine that he had made previously for that pur- 
pose. 

4th Q. Where did this conversation take place ? 

A. At our house, No. 584 West Washington street, Chicago. 

oth @. Can you name more particularly the month and day of 
the month ? 

A It was before the first of May; I can’t give it any closer than 
that. 
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6th QM. Were you a member of the same family with Mr. Mo- 
Donough at that time ? 

A. I was boarding with his family. 

7th Q. Please look at the book now handed you and state whether 
or not that is the book to which Mr. McDonough called your atten- 
tion ? 

A. Yes, sir; it is. 

8th Q. Please identify and point out, if you can, the drawing in 
that book to which he directed your attention ? 

A. I can’t positively identify it, but I think that this drawing is 
the one. 


Referring to the drawing marked “ McDonough Drawing, 
August 26, 1871.” I. A. Herring, Notary Publi. 


9th QM. What further was said, if anything, by Mr. McDonough to 
you at that time, in reference to his idea of telegraphic transmission 
of sound and speech ? 

A. Nothing that I can remember. 

10th Q. State when your attention was next called to this sub- 
ject—where, by whom, and under what circumstances ? 

A. It was in April, I think, 1875, by Mr. McDonough, as we 
were coming home together. He asked me if I had read a notice in 
& paper in regard to sending musical tone sounds through wire. I 
told him that I had not, and he gave me a description of the notice, 
and he said, “ Frank, I know that I can make a machine that will 
send speech over a wire ;’ and I said, “ If you know you can do it, 
why don’t you?” He then asked me if I remembered his speaking 
about it the year before. As soon as we reached the house, he 
got this book with his drawings and showed me this sketch of this 
instrument, which he had shown me the year before ; he then went 
into the garret and picked out from an old box several pieces of a 
telegraphic machine, an old magnet, and a lot of wire, which he 
said he had used previously in some experiments, and he said he 
would fix them up and try and make a machine, or what is now 
called a telephone. | 

lith Q. Did he state at that time what he expected to ac- 
complish by the machine that he proposed to make? 

A. Yes; he said with such a machine it would be possible for 
one person to talk with another through a wire from Chicago to 
New York ; and he gave several other illustrations of its use. 
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( ~, 12th Q. What circumstances, if any, enable you to fix the date 
j of this conversation as taking place in April, 1875 ? 
Y)\, : ; 
¥ A. I know it was a short time before we removed to number 


72 Warren avenue; we moved to 72 Warren avenue about the first 
of May, 1875. 

13th Q. Please state, if you know, what Mr. McDonough next did 
toward the development of his idea for the transmission of articulate 
speech telegraphically, and how soon after moving into the Warren 
avenue house ? 

A. I do not remember anything that was done by Mr. Mc- 
Donough until after we removed to Warren avenue ; but within a 
few days after removal he commenced his experiments on this 


machine. 
The first instrument that I remember I will describe as near as 
I can: 


He had a tin cylinder made, I should say it was five or six 
inches in diameter. Over one end of this he pasted a piece of 
parchment. On to the outside of the parchment he pasted a piece 
of metal. There were two of these tin cylinders, both about the 
same thing. Then he made a wooden arm or bracket, which over- 
hung the cylinder. He made a hole in one end of the bracket 
and placed a common needle through the hole, which reached down 
and rested on the piece of metal, the top of the needle projecting 
through the hole in the bracket. 

He attached a wire to the piece of metal which was pasted on to 
the parchment, and to the top of the needle he attached a piece of 
tin foil; to this tin foil he attached another wire. Both of these 
wires ran from this tin cylinder which was located 1n a rear room of 
our house into a front room where these wires were connected with 
a magnet and a battery in some way. In this front room he placed 
the other cylinder before the magnet. 

That is as close a description as I can give of the instrument 
which he first made. 

14th Q. State, if you can, how the magnet was constructed and 
how arranged in front of the cylinder provided with parchment in 
the front room ? 

A. As I remember it, the magnet was made from a piece of bent 
iron in the shape of something like a horse-shoe. This iron was 
wound round with a wire, and was raised up in some way so that 
he two ends of the magnet were opposite the middle of the cylinder 
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and opposite the piece of metal which was pasted on the parch- 
ment. 

15th Q. Please look at the instruments now shown you and 
marked respectively ‘McDonough Receiver Exhibit No. 1,” and 
“ McDonough Transmitter Exhibit No. 2,” and state how they com- 
pare with the instruments you have described, and if different in 
any particulars, state wherein ? 

A. They are almost exactly the same thing; I think that this 
magnet and the wire which is wound around it are not exactly the 
same as the instrument I described. 

I think that the piece of iron forming the magnet was longer, 
but I can’t see any other difference ; yes, there was more wire sur- 
rounding the piece of iron, as [remember it; there may be some 
other difference, but these are about the same’ instruments. 

After some experiments with the needle of the transmitter run- 
ning through the hole in the wood, Mr. McDonough inserted a 
piece of glass tube through the hole in the bracket and ran_ the 
needle through the glass tube, as he said there was too much fric- 
tion with the needle running against the wood; he also took off the 
piece of tin foil and replaced it with a piece of spring steel, I believe 
it was, and afterwards with a piece of German silver. - 

16th Q@. State what experiments, if any, were made by Mr. 
McDonough with the instrumentalities you have deseribed, who 
assisted him in making such experiments, and state particularly the 
results produced ? 

A. The experiment was made of talking and singing into the 
transmitter ; I assisted him at different times when we were home 
together ; at other times he was assisted by his sister and his 
brother and Mr. Wilsey. 

The results from these experiments as heard at the other end or 
in the receiver was a variation of rattling sound and mus’cal 
tones. 

17th Q. What change, if any, was made at this time in the posi- 
tion of the transmitter and receiver relatively to each other, and if 
any made, why so made ? 

A. We found that the talking and singing could be heard through 
the walls of the rooms, and so the transmitter was carried down on 
the first floor into the rear room of the house, where there was no 
interference from the sound of the voices coming through the doors 


or wall, 
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We made many experiments with this machine, and at times we 
could distinguish the tune that was sung. 

18th Q. State whether or not there were any changes made in 
the instrumentalities or devices you have described, and if so what 
changes, by whom, and what were the results produced consequent 
upon such changes ? 

A. The tin cylinders were changed for large iron rings fitted up with 
parchment in about the same manner as Mr. McDonough thought 
the diaphragm or parchment was too small in the tin cylinders. 

Instead of one piece of metal being pasted on to the parchment 
of the transmitter there were two and Mr. McDonough gave up the 
needle, as he could find no way to keep it from jumping, and the 
needle was replaced by a piece of thin metal in shape like an in- 
verted V with a square top to it. The feet of this piece of metal 
were placed, one on each of the strips of metal which were pasted on 
to the parchment, and through the top of this V-shaped piece of 
metal was run a wire through the parchment and fastened on the 
under side of the parchment I believe. The top of this wire was sup- 
plied with a nut by means of which this metal arch could be held 
firmly down on to the diaphragm or loosened as desired. The tin 
cylinder at the receiving end was also changed for a large iron ring 
covered with parchment and with a metal strip pasted to it. 

By experiments with this new machine we were able to recog- 
nize the voice of the person singing, the tune that was sung and 
many of the words of the tune, also, we could understand words that 
were spoken, and could recognize the voice of the person speaking. 

19th (). Please look at the instruments now shown you and 
marked respectively, “ McDonough Transmitter Exhibit No. 3,” and 
‘McDonough Receiver Exhibit No. 4,” and state how they compare 
with the instruments constructed by Mr. McDonough as last de- 
scribed by you? 

A. They are substantially the same instruments in the construc- 
tion. 

I should have said in my description of the transmitter that one 
wire was attached to each of the two strips of metal that were pasted 
on to the parchment. 

20th Q. If you recollect, state what experiment was made, if any, 
by Mr. McDonough, for holding the arch-shaped piece of metal or 
circuit-breaker in position, prior to his making use of the screw pin 
and nut, as shown in this instrument ? 


A, He first tied the metal arch down with a piece of string run- - 
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ning through the top of the arch, and, I believe, through the sake 
ment, and tightening the string by twistingit, but he found he could 
not regulate the instrument fine enough with the string, and so he 
replaced it with the nut and bolt. 

21st M. How often did you operate the instruments as last con- 
structed by Mr. McDonough and as shown in these exhibits, in con- 
nection with Mr. McDonough ; and state, if you now recollect, 
what tunes or songs and what spoken words you heard at the re- 
ceiver ? 

A. I assisted Mr. McDonough in operating the machine whenever 
I had time, and we were home together generally every evening, and 
I guess we exhausted all the songs we ever heard. 

I can give you the names of a few of them, others I don’t remem- 
ber. ‘They were “ Swanee River,” ‘‘ Down in the Coal Mine,” ‘ Old 
Zip Coon” and others that I have forgotten. I heard many of the 
words of these songs, exactly which words I can’t remember. 

I also heard Mr. McDonough say: “ Halloo, Frank!” and other 
words that I can’t remember now. 

22d Q. At the time of operating the instruments, as last spoken 
of by you, what was the distance between the receiver and the trans- 
mitter, and state whether or not the doors and transoms of the 
rooms in which the instruments were placed respectively were open 
or closed ? 

A. The distance between the receiver and transmitter I should 
say was between seventy and a hundred feet, one being in the 
front room of the second floor, and the other in the rear room of the 
first floor. 

The doors and transoms were shut as tight as we could make 
them. 

25d QM. Please describe the course of the circuit wires from the 
transmitter to the receiver and how they were held in position ? 

A. I don’t know as I can describe it exactly, but as near 
as 1. ean remember it was as follows, viz.: The trans- 
mitter stood on a table in the rear room of the first floor. The wires 
ran first to the chandelier, through the transom, across the parior, 
and through that to a room upstairs, through a long hall, over a 
transom, and were fastened to a chandeher, and from that down to 
the battery and magnet. They were held in position by shutting 
the transoms on to the wires and by winding the wires around the 
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4.30 o’clock P. M., January 24, 1881. 


Examination adjourned to to-morrow at 9.30 A. M., at same place. 
F. A. HERRING, 
Notary Public. 


January 25, A. D. 1881, 
9.30 o'clock A. M. 


Examination resumed, all the parties being present. 
F. A. HERRING, 
Notary Public. 


24th @. When were the devices or instrumentalities completed and 
operated, and the results produced by Mr. McDonough with your 
assistance as last described by you? 

A. ITremember that it was before the 4th of July, 1875, and after 
we moved into the Warren avenue house. I remember this from the 
fact that on the 4th of July, 1875, I, with Mr. McDonough’s family, 
went to Highland Park, on a picnic, and while at Highland Park 
the subject of this telephone was discussed. I also remember that 
it was previous to the 26th day of June, 1875. On the 26th day of 
June, 1875, I left Chicago to visit my father and mother in Michigan, 
and told them of Mr. McDonough’s experiment with this machine, 
and the results obtained. While at the breakfast table I said, “ Now, 
if we only had Mac’s machine rigged up we could ask them what 
they were having for breakfast in Chicago.” 

25th Q. After the results produced by Mr. McDonough with the in- 
strumentalities described by you, what further, if anything, was done 
by Mr. McDonough with such devices or instrumentalities, or others, 
and when ? 

A. Mr. McDonough made a number of other machines and 
changes in this machine, hoping to increase the volume of sound 
and the distinctness. This was during the fall of 1875. 

26th Q. Do you know of Mr. McDonough’s making a visit to Eu- 
rope at any time, and if so, when and for what purpose ? 

A. Yes, sir; Mr. McDonough went to Europe some time in the 
spring of 1874. I think he left Chicago in May. He went for the 
benefit of his health, he having been in very poor health from the 
time that I first became acquainted with him, which was in 1872, I 
believe. 
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CROSS-EXAMINATION BY J. J. Strorrow, Esq., COUNSEL FOR BELL: 


27th Cross-Q. When did you first become an inmate of Mr. Mc- 
Donough’s household ? 

A. In 1873, May or June. 

28th Cross-Q. Have you lived together ever since ? 

A. Yes, Sir. 

29th Cross-@. In “ McDonough’s transmitter, Exhibit No. 3,” the 
ends of the bridge-piece are turned up.like Vs, so that only the folded 
edges rest on the German silver contact pieces. Were they turned 
up in that manner the first time you saw the original, of which this 
Exhibit purports to be a reproduction ? 

A. I believe they were. 

30th Cross-Q. Why were they turned up so, instead of being 
allowed to rest flat on the contact pieces ? 

A. That I do not know. 

31st Cross-Q. When did you last see the original of which you 
say said Exhibit No. 3 is a reproduction ? 

A. I have seen it a number of times since the first experiments 
with it, but don’t remember when I last saw it. 

32d Cross-Q. Where did you last see it ? 

A. I think it was at No. 72 Warren avenue. 

33d Croxs-Q. What part of the house? 

A. I don’t remember that. 

34th Cross-Q. What became of it afterwards ? 

A. I do not know. 

35th Cross-Q. Then you don’t remember when you saw it last, or 
where you saw it last, nor what came of it afterwards, do you? 

A. I said before that I thought I saw itat No. 72 Warren avenue 
after the time we made our first experiments with it; what became 
of it afterwards I do not know. 

36th Cross-Q. But you don’t remember what part of the house 
you saw it in, do you, on the last occasion ?— 

A. No, sir. 

37th Cross-Q. When and where did you last see the original of 
which you say McDonough’s Receiver No. 4 is a reproduction ? 

A. At No. 72 Warren avenue, at the same time that I saw the 
transmitter. 

38th Cross-Q. Can’t you fix the time and place any more defi- 
nite, yet, than that? 

A. No, sir. 
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39th Cross-Q. When and where did you last see the original of 
\which you say “ McDonough’s Transmitter No. 2” is a reproduc- 
tion ? 

A. I remember having seen it at No. 72 Warren avenue, in 1875, 
after July Ist; I can’t fix any particular date—probably saw’ it 
many times. 

40th Cross-Q. When did you first see these reproductions Trans- 
mitter Exhibit No. 3, and Receiver Exhibit No. 4? 

A. I first saw them, as they are now, within the last ten days. 

41st Cross-Q. What condition were they in when you saw them 
before that? 

A. I can’t say that I ever saw them before that. 

42d Cross-Q. When did Mr. McDonough make these particular 
Exhibits ? 

A. I do not know. 

45d Cross-@. When did you first know that they were made, or 
that he was making them ? 

A. | first knew that they were made at the time I first saw them 
within the last ten days. 

44th Cross-Q@. Before that time you had heard that they were 
being made or were to be made, had you not ? 

A. I believe Mr. McDonough said that he was making or fixing 
something of the kind in his work room, but I had not seen them. 

45th Cross-Q. When did you first see the instruments now on 
the table before you, Receiver Exhibit No. 1 and ‘ Transmitter Ex- 
hibit No. 2?” 

A. I first saw-them here in this office yesterday, as they are 
how. 

46th Cross-Q. What condition were they in when you saw them 
the last time before yesterday ? 

A. I believe they were in about the same condition, with the 
exception of the magnet and wire. 

47th Cross-Q. What difference was there in the magnet and wire 
at that time ? 

A. I can’t tell the exact difference except that this, I believe ; 
not the same piece of iron in the magnet nor the same wire. 

48th Cross-Q. What was that occasion which you refer to when 
you saw them with a different magnet and a different wire ? 

A. That was in June, 1875. 

49th Cross-Q. Do you mean that you didn’t see them between 
June, 1875, and yesterday ? 
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A. Well, I never saw them as they are now till yesterday. 1) 
have seen the tin cylinders since June, 1875. " 

50th Cross-Q. What is the difference between the condition they 
are now in and the condition they were in on the occasion when 
you last saw them before yesterday ; I refer to the two instruments 
No. 1 and No. 2? 

A. At the time I last saw this transmitter, No. 2, I should say it 
was in the same shape that it is now, but the Receiver No. 1 either 
had no magnet at all before it or else it was a different magnet from 
this one. 

51st Cross-Q. Now, please give the date of the occasion referred 
to in your last answer ? 

A. That was some time in 1875 after Mr. McDonough had 
stopped using them. 

52d Cross-Q. When you first saw the Exhibits No. 3 and No. 4, 
were they exactly in the same condition that they are now in ? 

A. No, sir; they were connected with wires and with a battery, 
I believe. 

53d Cross-Q. When was that ? 

A. That was within the iast ten days. 

54th Cross-Q. Were the instruments themselves, apart from the 
connecting wire and battery, on that occasion in the same condition 
they are now in, in all their parts, or have any parts in them been 
changed or replaced since? 

A. I think they were in the same condition that they are now 
in; I can see no difference. 

doth Cross-Q. Where were they on that occasion ? 

A. They were at No. 385 West Randolph street, where Mr. 
McDonough and I reside. | 

56th Cross-Q. Was that the first time when you saw a couple of 
instruments made and intended to be reproductions of the origi- 
nals, which you say No. 3 and No. 4 are reproductions of ? 

A. I am not certain about that. Mr. McDonough made a num- 
ber of machines since the original, and I may have seen them; J 
don’t remember positively. 

57th Cross-Q. Have you, atany time within the last vear, seenany 
instruments which purported to be, or were supposed to be, repro- 
ductions of the originals of which you say Nos. 3and 4 are repro- 
ductions ? 

A. I do not remember to have seen any. 
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AV X~\ Further cross-examination waived by counsel for Gray. 
a Frank L. Easrmay. 


Subscribed and sworn to before me, ? 
this 25th day of January, A. D. 
1881. 
| SEAL | FreDERICK A. HERRING, 
Notary Public. 


JEREMIAH E. WILSEY, being first duly sworn, does depose and say 
in answer to interrogatories proposed to him by N. C. Gridley, Esq., 
counsel for James W. McDonough, as follows, viz: 

First Question. What is your name, age, residence and occupa- 
tion ? 

A. Jeremiah E. Wilsey; fifty-five years of age; No. 585 Ran- 
dolph street, Chicago, and I have not been doing anything for the 
last two years. I am out of business. 

2d @. Prior to the last two years, in what business were you 
engaged, and of what firm or firms were you a member ? 

A. I was engaged in the furniture, general upbolstering business, 
and was a member of the firm of McDonough, Wilsey & Co., last. 

dd Q. Are you acquainted with James W. McDonough one of 
the parties to this interference, and how long have you known him’? 

A. Yes, sir; I am acquainted with him. I have known him 
since he was about five or six years old. 

4th Q. Are you related to him by blood or marriage, and how 
long has he been a member of your family ? 

A. Tam related to him by marriage; I am his step-father. He 
has been a member of my family ever since 1852. 

5th QM. Have you been informed as to the subject matter in- 
volved in this interference ? 

A. Yes, sir. 

6th Q. Please state when, for the first time, the idea of trans- 
mitting sounds telegraphically was made known to you, where, by 
whom, and under what circumstances ? 

A. I think it was in 1867. Mr. McDonough told me he thought 
he could send sound over telegraph wire. It was at No. 114 South 
Jefferson street, Chicago, where we lived at that time. 

I think he was sick at the time. I have an impression it was 
from a fractured leg. He had a book with him and some drawings 
and pencils. He had some papers in the book with the drawings ; 
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he was drawing in the book. I don’t recollect any of the drawings 
now in the book, with the exception of one, and that was a machine 
for counting envelopes or something of that description. And I 
was asking him what they were, and he told me what they were ; 
and among other things he told what he thought he could do 
with the telegraph. 

7th Q. What time in the year 1867 was it that you had this con- 
versation with Mr. McDonough ? 

A. I couldn't tell. I couldn’t recollect. 

Sth QO. State whether or not Mr. McDonough, at or about the 
time referred to, exhibited any taste for experimenting; and if so, 
state what, if any, Instruments he had with which he was experi- 
menting at or about that time. 

A. Yes, sir; he had been working previous to that time in pho- 
tography ; he also had patented, previous to this, a lounge. I be- 
heve he has always been experimenting on something for the last 
sixteen years. ‘The only instruments I knew him having there was 
a small magnet, a little cup, a battery, L believe they call them, and 
some wire. He had chemicals of different things, with which he was 
experimenting in his photography. That is all that I know of. 

9th @. Did you ever, at any time, and when for the first time, 
know of the transmission and reproduction of sounds, telegraph- 
ically, where and under what circumstance, and by whom were such 
results produced. 

A. Yes, sir; I heard sounds transmitted over the wire at No. 72 
Warren ‘avenue, in the spring of 1875, by Mr. McDonough. The 
circumstances were these: I arrived home in the fore part of June, 
I think it was about the 11th or 12th, | am not positive as to dates. 
I found wires running down the stairway of his room imto the back 
parlor. IT asked Mr. McDonough what it was. He told me that he 
was experimenting in getting sounds over the wire. 

[T saw those for three or four days. I don’t recollect for how long 
they remained up there. I could hear a sonnd when they were 
singing below, but that was all. I paid very little attention to 1 at 
that time. 

10th Q. Where were you when you heard sounds when they were 
singing—in what part of the house, and what instrument, if any, 
did you listen at? 

A. I Was in his room, second floor front room. It Was a couple 
of small tin instruments covered with some skin of some kind, thin 


membrane. 


RS ne eo mc ar 8 a 


494. DEFENDANTS EXHIBITS. 


lith Q. Were there two of the tin instruments covered with 
skin or membrane in the same room in which you were listening ? 

A. No, sir; not when I heard them. 

12th Q. Can you describe the instrumentalities or devices made 
use of by Mr. McDonough at the time you heard the sound referred 
to by you, where the instruments were situated in the house, and 
how connected ? 

A. I don’t think I can, only in a general way. As nearly as I 
can recollect there was one small tin instrument in his room, and the 
other one he would remove from one room to another just for con- 
venience. The one that they sang on to they would move around. 
There was a wire attached to the one and attached to a battery that 
was in his room. I don't recollect of the battery being in his room ; 
it was generally sitting by the one they sang by. 

13th Q. Can you give a more particular description cf the in- 
strument that they sung at or onto, how was it constructed ? 

A. [ll try; as near as I can. recollect it was a tin, I should say 
about six inches high, by about four or five inches across; it was 
covered with thin membrane on top; it had on the top of it (the 
one I am describing), I think, a small piece of metal, the wires were 
attached to this, just what they were attached to I cannot describe, 
for I don’t recollect. It had a needle, or something like a needle, 
with a piece of bright substance, I don’t know what it was, whether 
it was tin foil or a piece of tin; that was connected with a smaller 
wire to a larger wire that was on the tin that they sung on io. 

Those wires were connected with a magnet that stood in front 
of another similar tin; the other tin stood horizontal, it did not sit 
upright ; when they sung on the lower one, the vibrations made it 
so you could hear a sound in the upper one. 

14th QM. What was the kind or character of the sound that you 
heard from the upper tin when they sung on the lower one ? 

A. It was a general humming noise; I heard no particular 
sound, more than a general humming noise ; I listened very little to 
it. 

JANUARY 25, 1881, 12.30 o’clock P. M. 


Kxamination adjourned to 2 o'clock P. M. 
F. A. HERRING, 
Notary Public, 
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Examination resumed, same parties being present. 
IF. A. HERRING, 
Notary Public. 


15th Q. State whether or not Mr. McDonough made any changes 
in the instruments you have described, and if so, what changes and 
when ? 

A. Yes, I found some changes; as to when he made them, I 
don’t know. When I first saw any changes, it was on my returao 
home, some time in the latter part of June, 1875. I then found 
some changes in the former instrument I have deseribed. I found 
he had substituted an iron hoop covered with a thin membrane. 
One of them had two pieces of metal on it fastened to the mem- 
brane, and a screw running down through the centre of it. I sup- 
pose it was a screw, it appeared to hold it to its place. ‘The pieces 
that were fastened on to the membrane was a little piece turned up 
at the end, extended above, to which was attached a small wire to 
each one of those pieces. There were two small pieces, you must 
recollect. The other membrane was similar in size and appearances, 
the other hoop, L should Say ; it Was a piece of metal of some kind 
(I don’t know what it was) glued or pasted in the centre of it. The 
magnet was placed behind the membrane close to that piece of 
metal. ‘That is the general description of the machine, as near as 
I can recollect. 

16th Q. Please look at the instruments now shown you, marked 
respectively, “McDonough Transmitter, Exhibit No. 3,” and “ Me- 
Donough Receiver, Exhibit No. 4,” and state how they compare 
with the instruments as you saw then changed on your return home 
in the latter part of June, 1875 ? 

A. I should take them to be substantially the same. 

17th Q. Please state where the instruments, transmitter and 


receiver, were located, respectively, in your house at that time ? 


A. This (pointing to transmitter No. 3) was located in the back 


parlor of the first floor, the other was in the front room upstairs. 
18th QM. How were they connected together ? 
A. There were large wires attached to those sma!l ones on No. 
3. There were some batteries setting bv the side of this one, No. 
4, and the wire extended up the stairs in connection with No. 4. 
Where they were attached or how they were attached, I don't know. 


496 DEFENDANTS EXHIBITS. 


19th Q. Were the instrumentalities or devices, as last described 
by you, operated by Mr. McDonough in your presence or with your 
assistance ; if so, state when, where and how, and what were the re- 
sults obtained ? ; 

A. Yes, sir; they were in my presence and with my assistance 
both. It was in the latter part of June, the exact date I can’t rec- 
ollect, 1875, at 72 Warren avenue, Chicago. I asked Mr. McDon- 
ough what results he was getting. He told me he was pretty well 
satisfied. I requested him to let me listen in order to hear whether 
I could hear anything or not. I listened at it. At first I heard 
nothing. I coneluded that I was a little too far from the machine. 
By getting very close to it I could hear singing. I was able to de- 
termine what tune he was singing. I also was enabled to catch now 
and then a word, that is all. 

20th Q. Was your hearing good or bad at that time ? 

A. My hearing was not good at that time, what I would con- 
sider good. 

21st Q. In what room were you at the time that you listened as 
you have stated, and in what room was Mr. McDonough at the time 
he was singing ? 

A. I was in the front room over the parlor, Mr. McDonough’s 
room, and Mr. McDonough was in the back parlor, down below. 

22d Q. State any fact or circumstance that enables you to fix the 
date of the results produced by the instruments you have described 
in the latter part of June, 1875 ? 

A. I left home about the 11th or 12th of June on business. I re- 
turned the latter part of June, I think the last week in June. I left 
home again, I think, on the 3d July, for Michigan. I didn’t return 
for several days. 

Mr. McDonough also left home and spent the fourth of July 
away. Ihave no recollection of meeting Mr. McDonough at home 
for some weeks after the fourth of July. Those are the principal 
facts that [have that impress it on my mind that it was the latter 
part of June. 

Mr. McDonough left home again about the 12th or 15th of July, 
to take a vacation for his health. He was gone some five or six 
weeks, as nigh as I ean recollect, so I have no recollection of Mr. 
McDonough experimenting until along some time in the fall, as he 
was away from home. 

23d Q. Can you state positively that the operation of the instru- 
ments, and the results produced thereby, as you have described, oc- 
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curred prior to your going to Michigan on the 3d day of July, Asp.’ 
1875: , 7 

A. Yes, sir. 

24th @. Atthe dates last spoken of by you, what was the nature of 
your business, and was it such as to take you away from home fre- 
quently or much of your time ? 

A. I was traveling and selling goods for our house. Iwas away 
the bigger part of the time during that year, and the years previous to 
those dates, and I might state that I traveled the bigger part of the 
time while I remained in business. 

25th @. During the time that you resided in the Warren avenue 
house, and in the months of May, June and July, 1875, who com- 
posed the members of your family ? 

A. Myself, my wife, Mrs. Wilsey, Mr. McDonough, Mr. Eastman 


and my daughter Mrs. Eastman, and John E. McDonough. 


— 
ano 


Cross-examination waived by counsel for Bell and by 
counsel for Gray. 
JEREMIAH KE. WILSEY. 
Subscribed and sworn to before 
me this 25th day of January, 
A. D. 1881. 
[SEAL. | FREDERICK A. HERRING, 
Notary Public. 
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JoHN E. McDonovueu, being first duly sworn, does depose and 
say, in answer to interrogatories proposed to him by N. C. Gridley, 
Esq., counsel for James W. McDonough, as follows, viz.: 

Ist Q. State your name, age, residence and occupation ? 

A. John E. McDonough ; thirty-two years old; residence, Har- 
rison Court Hotel, corner Harrison and Halsted streets, Chicago, 
and am an upholsterer—foreman for Eastman & Wilkins. 

2d @. Are you a brother of James W. McDonough, one of the 
parties to this interference ? 

A. Yes, sir. 

3d Q. Where and with whom did you reside during the months 
of May and June and thereafter during the year 1875? 

A. With Mr. Wilsey at No. 72 Warren avenue, Chicago. 

4th Q. State when, for the first time, you had knowledge of the 
transmission and reproduction of articulate sound or speech tele- 
eraphically ? Where and under what circumstances ? 


a 


/ 
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A. It was at 72 Warren avenue in the latter part of June or near 
the first of July, 1875. Iwas called to listen by my brother one 
evening while my mother was singing in the parlor of the house, 
and I heard the singing, and slapping my brother on the back and 
saying: “ By George, Jimmie, you've got it after all.” | 

5th @. Where were you, in what part of the house and at wha 
were you listening ? 

A. I was in the front room, in the second story of the house, 
and I was listening at a round ring with some parchment on it. 

6th QM. Where was your mother singing at that time ? 

A. In the story below—in the back parlor. 

7th QM. Was the door and transom of the room in which you 
were at that time open or closed ? 

A. The door was closed; the transom—I don’t know whether it 
was clearly closed, because the wires run over through the transom. 

Sth @. Did you hear the singing you have spoken of through 
the door or transom, or through the instrument at which you were 
listening ? 

A. Through the instrument. 

Ith Q. Could you hear distinctly through the instrument the 
song or tune that was being sung, and any words of the song ? 

A. Yes, sir. 

10th Q. Which—either or both ? 


Objected to as leading. 


A. Both. 
llth Q. Please state what you heard through the instrument at 
that time, and all that you heard that you now recollect ? 


(Obj ted 10 that the Witness has already (L7iSVEE) ed “upon the 
pratt 7 inquired of, and that the LULrY should not he repeated 
ajter le ding questions have heen put.) 


A. I heard, ‘‘ Down come uncle and aunt,” “ Down come sister 
Caturah.” That’s about all that I can recollect at the time, of 
hearing. 

12th Q. Can you describe the construction of the instrument at 
which you listened, and its connections at that time ? 

A. Well, I could describe it partly, but I did not know enough 
about it to give the partigulars of its construction. 


Seep BOYS 
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13th Q. Describe the instrument, so far as you can, and its coff- 
nections ? 

A. It was a round band, or bands, with parchment fastened on 
them, like the parchment on a drum, with a magnet near one of the 
bands. That’s about as near as I could come to it. 

14th Q. With what were the wires connected that you say passed 
through the transom of the door ? 

A. They were connected with the two machines. 

15th QM. Where was the other machine or instrument located ? 

A. In the back parlor of the first floor. 

16th Q. Can you give a description of each construction ; if so, 
describe it ? 

A. It was a round band with parchment on it; it had a kind of 
a V-shaped thing on the parchment, or against it—I don’t re- 
member, hardly, which. That’s about as near as I can deseribe it. 

17th Q. Did you hear the instruments operated more than once, 
and how soon after the time you have mentioned, if at ail ? 

A. Yes; I have heard them more or less. I don’t remember, 
really, the times and dates. 

18th Q. How do you fix the date when you first heard the in- 
struments operated, as you have described, as being in the latter 
part of June, 1875 ? 

A. By being sick the first week in July, 1875, and being left at 


the house alone on the fourth of July, 1875. 


CROSS-EXAMINATION BY J. J. STORROW, COUNSEL FOR BELL: 


19th Cross-Q. The words, ‘ Down come,” &¢., in your 11 
answer, are the words of a song you have often heard your mother 
sing, are they not? 

A. Yes, sir. . 

20th Cross-Q. Who was in the room with you on the occasion 
mentioned in your 4th answer ? 

A. My brother James. 

Cross-examination waived by William D. Baldwin, counsel for 
Gray. 

JoHn E. McDonovan. 
Subscribed and sworn to before 
me this 25th day of January, 
A. D. 1881. 
[SEAL. | FREDERICK A. HERRING, 
Notary Public. 


> 
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Tuomas B. JEFFERY, being first duly sworn, does depose and say, 
in answer to-interrogatories proposed to him by N.C. Gridley, Esq., 
counsel for James W. McDonough, as follows, viz. : 

Ist Q. What is your name, age, residence, and occupation ? 

A. Thomas B. Jeffery, thirty-six years of age ; residence, Chicago, 
and occupation a machinist. 

2d @. Do you know James W. McDonough, one of the parties to 
this interference, and if so, how long have you known him ? 

A. I Go; since the year 1875. 

dd @. What time in the year 1875 did you become acquainted 
with him, and under what circumstances ? 

A. Early in the summer or spring of 1875 he came to me at my 
place of business and had me make some portions of a model. 

4th Q. Describe what you did make for him at that time ? 

A. I made one er two, or perhaps three, slender wire screws, 
having two nuts or three nuts on each. 

Sth Q. Did Mr. McDonough at that time or afterwards inform 
you what use he intended to make of the wire screws and nuts, or 
had made of them. If so, when, and what did he say? 

A. He told me afterwards, I should judge within six months of 
the time I had made those pieces, that he had constructed and suc- 
cessfully used a telegraph instrument that conveyed speech, and 
that pieces that I made were used in constructing it. 


(Answer objected to on the ground that the applicant cannot 
make his own statements evidence by proving them second-hand.) 


6th Q. Please look at the instrument now shown you, marked 
“McDonough Transmitter Exhibit No. 3,” and state whether you 
recognize any part of it as having been made by you? 

A. I recognize the slender wire screw in the center as being made 
by me ; to the best of my knowledge, I made pieces like that in the 
spring of 1875 for Mr. McDonough. 

7th @. Did you make this particular wire screw shown in this 
instrument with the nuts and stop attached thereto. If so, how 
lately did you make it ? 

A. Well, I believe that I made this; there are no marks about it 
that I can identify it by, but I recollect making a piece like this 
within a few months from the present time for Mr. McDonough. 

Sth @. How does the wire screw with the nuts and stops attached 
thereto, as contained in this Exhibit No. 3, compare with those in 
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its construction that you made for Mr. McDonough in the spring-or 
early summer of 1875 ? 

A. The construction of this and the other referred to is the 
same, with the exception that the first made were much lighter 
than this in weight, the nuts being a good deal smaller. 


CROSS-EXAMINATION BY J. J. STORROW, COUNSEL FOR BELL: 


9th Cross-Q. Did you in 1875 see the model which the screws 
you made went into ? 


A. I did not. 


Cross-examination by counsel for Gray waived by William 
D. Baldwin, Esq. 
THOMAS B. JEFFERY. 
Subscribed and sworn to before 
me this 25th day of January, 
A. D. 1881. 
FREDERICK A. HERRING, 
[ SEAL. | Notary Public. 
| 4.45 P. M., January 25, 1881. 
Examination adjourned to 9.30 o'clock A. M. January 26, 1881, 
at the same place. 
F. A. HERRING, 


Notary Public. 


JANUARY 26, 1881, 9.30 A. M. 


Examination resumed at same place, the same parties being 
present. | 
F. A. HERRING, 
Notary Publie. 


Catvin Copp, being first duly sworn, does depose and say, in 
answer to interrogatories proposed to him by N. C. Gridley, Esq., 
counsel for James W. McDonough, as follows, viz. : 

Ist Question. What is your name, age, residence and occupa- 
tion ? 

A. Calvin Cobb; twenty-eight years; Chicago, No. 333 Ohio 


\ 


\ 
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street; and my occupation is stationery and fancy goods at No. 
29 Washington street, Chicago. 

2d Q. How long have you been engaged in the stationery and 
fancy goods business in Chicago ? 

A. Since October, 1869. 

3d Q. At what place in Chicago were you engaged in that busi- 
ness in 1875? | 

A. At No. 36 Monroe street. 

4th Q. Do you know James W. McDonough, one of the parties 
to this interference, and how long have you known him ? 

A. Ido know him. I have known him every since I was a boy. 

5th QM. State whether or not you had a conversation with Mr. 
McDonough at any time in reference to the transmission of articu- 
late speech over a wire by means of electricity, and, if so, state 
when and where that conversation occurred, under what circum- 
stances and what was said by Mr. McDonough and yourself, stating 
as particularly as you can ? 

A. I did have such a conversation with him in the store 
at No. 36 Monroe street, during the month of December before 
Christmas, 1875; the conversation was started from our having in 
the store and on the case a toy ; Idon’t remember what they called — 
it; I can tell you what it was; it was two tin tubes, with one end 
of each covered with a skin, and through which passed a string, con- 
necting the two pieces; I believe it was called “The Lovers’ Tele- 
eraph;” Mr. McDonough picked up this instrument, and in speak- 
ing ofits use he mentioned that he had an electric instrument at 
home with which he could speak from one part of the house, down 
stairs, to another part upstairs, and, as I understood, removed as 
far apart as they could be in the house; I don’t remember any more 
than that fact being stated; I can’t remember the words; that was 
the fact that was stated to me. 


Objected to on the ground that the applicant cannot prove 
facts by proving his own statements. 


6th Q. Who was present, if any one, at the time you had this 
conversation with Mr. McDonough ? 

A. The conversation took place in the store ; I cannot state who 
was present, probably the employees ; may be customers that might 
have been in the store ; no one was present and took part in this 
particular conversation. 
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7th Q. State whether or not you mentioned or made known what Z, 
Mr. McDonough had stated to you in this conversation to any per- 
son, and how soon thereafter, and to whom ? 

A. I did mention it within a day or two to my father, Mr. L. N. 
Cobb. 

8th Q. Who was present at the time you mentioned it to your 
father, and, if you recollect, state what was said to your father ? 

A: I don’t remember. 


CROSS-EXAMINATION BY Mr. J. J. STORROW, COUNSEL FOR BELL. 


9th Cross-Q. Where did you get “The Lover’s Telegraph,” that 
you have referred to ? 

A. The invoice shipped to us from §8. Brainard & Sons, from 
Cleveland, Ohio; they were agents for the manufacturers in Cleve- 
land. 

10th Cross-Q. Who were the manufacturers ? 

A, I think the name was Wetmore & Co., of Cleveland. 

1}th Cross-Q. When did you receive them ? 

A, About the first part of December, 1875. 

12th Cross-Q. How did you come to order them ? 

A. I think they were sent to us on sale, without orders. 

13th Cross-Q. Had you ever seen anything of the kind. before 
they :were sent to you? 

A. No, sir. 

14th Cross-Q. How soon after you received them did they begin 
to be prominently sold on the streets ? 

A. I think over a year. 

15th Cross-Q. How soon after you received them did they begin 
to be common in other shops? 

A. The following October, I believe. 

16th Cross-Q. What enables you to fix the following autumn and 
winter as the time when they began to be common ? 

A. It is my impression, merely, that 1t was some considerable 
time after we received them, and from conversation with wholesale 
toy houses, to whom we offered them for sale, who stated that it 
was too late that season to do anything with them, giving me the 


impression that they would have them the following year. 


17th Cross-Q. Do you think there were any other houses in 
Chicago besides your own that had them in December, 1875, and 
January, 1876? 
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A. I think there may have been. 

18 Cross-Q. Did you know of any for sale anywhere else ; if so, 
where ? 

A. I did not. 

19th Cross-Q. Did you, during those two months, furnish any for 
sale, about the streets or in the retail shops; and if so, about how 
many ? 

A. We did not furnish any for sale about the streets ; I could not 
state that we did not furnish them to retail shops. 

20th Cross-Q. Please to tell me about how many you sold during 
the winter of 1875-’76? 

A. I do not remember ; I think less than a hundred; I think it 
was quite a few. 

21st Cross-Q. I understand from your testimony that the manu- 
facturers got them out a little too late to get into the Christmas trade, 
and that so far as Chicago was concerned, they didn’t sell much till 
the holiday trade for the next year came around ; is that about the 
substance of it ? 

A. They did get them out too late for the jobbing holiday trade ; 
I don’t know how well they sold the following year. 

22d Cross-Q. Do you know of anybody except Wetmore & Co. 
that manufactured them during the winter of 1875-’76 ? 


A. I Do not. 


Cross-examination waived by Mr. Wm. D. Baldwin, coun- 
sel for Gray. 
CALVIN Coss. 

Subscribed and sworn to before 

me this 26th day of January, 

A. D. 1881. ‘ 

[ SEAL. | FREDERICK A. HERRING, 
Notary Public. 


Mr. JAMES W. McDonovuaua, being first duly sworn, says: 

That I expected to call Samuel G. Wilkins as a witness in my be- 
half, but that said Wilkins is now absent from Chicago, in St. Louis ; 
that from conversations with said Wilkins, I know that he will tes- 
tity that he visited me at my residence, No. 72 Warren avenue, 
Chicago, for the first time, in the month of September, A. D. 1875 ; 


that he was in my room and saw various electrical instruments, con- . 


sisting of diaphragms, magnets and batteries and wires; that he 
asked me what those instruments were, and that I informed him 
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that they were for sending speech through wires by electricity, and 


I informed him that I had suceessfully operated them. 
Mr. Wilkins is of the firm of Eastman & Wilkins. 
JAMES W. McDonovuau. 

Subscribed and sworn to before 

this 26th day of January, A. 

D. 1881. 6 

FREDERICK A. HERRING, 

[ SEAL. | Notary Public. 


It is admitted by counsel] for Bell and counsel for Gray that the 
witness Wilkins, if called, would testify as above stated by Mr. 
McDonough, and it is agreed that the foregoing sworn statement by 
Mr. McDonough may be read in lieu of the deposition of the said 
Wilkins, subject to all legal objections as to competency and 
effect. 

It is also agreed that the testimony and exhibits may remain in 
the custody of the notary until the hearing. 


Commision closed. 


F. A. HERRING, 


Notary Public. 


STATE OF took’ co 

County of Cook, §~ 

I, Frepertck A. HERRING, a Notary Public in and for the said 
County of Cook, and State of Illinois, do hereby certify that the 
foregoing depositions of James W. McDonough, Frank L. Eastman, 
Jeremiah E. Wilsey, John E. McDonough, Thomas B. Jeffery, and 
Calvin Cobb, were taken on behalf of James W. McDonough, in 
pursuance of the notices hereto annexed, before me at the office of 
Gridley & Co., room No. 7, No. 135 South Clark street, in the City of 
Chicago, State of Illinois, on the twentieth (20th), twenty-first (21st), 
twenty-second (22d), twenty-fourth (24th), twenty-fifth (25th) and 
twenty-sixth (26th) days of January, A. D. 1881. That each of the 
said witnesses was by me duly sworn to tell the truth, the whole 
truth, and nothing but the truth, before the commencement of this 
testimony ; that the testimony of each of the said witnesses was 
written out by myself, and subscribed and duly sworn to by each 
witness respectively ; that Elisha Gray appeared by his counsel, 


Wm. D. Baldwin, Esq.,and A. G. Bell by his counsel, J. J. Storrow, 
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(\ Esq.; that George B. Richmond, A. E. Dolbear, T. A. Edison, and 
Y\ y K. Berliner were not present, either in person or by counsel; that 
"A the said testimony was taken at the place aforesaid, and was com- 


menced at ten (10) o’clock, A. M., on the said 20th day of January, 
A. D. 1881, was continued from day to day pursuant to adjourn- 
ment, and was concluded on the said 26th day of January, A. D. 
1881; that I am not connected by blood or marriage with either of 
the said parties, nor interested, directly or indirectly, in the matter 
in controversey. 


In testimony thereof, I have hereunto set my hand and affixed my 
seal of office in Chicago, in said County of Cook and State of [h- 
nois, this 26th day of January, A. D. 1881. 

FREDERICK A. HERRING, 
[ SEAL. | Notary Public. 
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(No. 56.) Exhibit Stipulation of Parties., ; 
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J. A. Welch, Special Examiner, May 14, 1884. “ 


(Introduced in Record, page 13.) 


CIRCUIT COURT OF THE UNITED STATES, 
SOUTHERN Districr oF NEw York. 


[In EQulIry. ] 


AMERICAN Bett TELEPHONE Com- 
PANY ET AL. 


AGAINST } 


MoLEcULAR TELEPHONE COMPANY ET 
AL. 


STIPULATION. 


It is hereby stipulated and agreed by and between the respec- 
tive parties to the above-entitled cause, as follows, to wit: 

1. The defendants herein may put in evidence the copy of the 
depositions of William M. Goodridge and Elisha Gray, respectively, 
and of the documentary exhibits referred to therein contained in the 
printed record of the case of Bell Telephone Company ef a/. vs. Peter 
A. Dowd, formerly pending in the Circuit Court of the United States, 
within the District of Massachusetts, and the complainants herein 
may put in evidence the copy of any other deposition or deposi- 
tions, and of the documentary exhibits referred to therein contained 
in the same printed record, and relating to or bearing upon the tes- 
timony of the said William M. Goodridge and Elisha Gray, and 
such copies so put in evidence shall have the same force and effect 
as if the said depositions had been originally taken, sworn to and 
filed in this cause.. 

2. The copies or translations of the publications designated upon 
pages 529, 530 and 530}, and printed upon pages 531 to 623 inclu- 
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filed on behalf of the complainants and defendants respectively in 
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sive, of the record in the case of American Bell Telephone Com- 
pany vs. Amos E. Dolbear e¢ al., formerly pending in the Circuit 
Court of the United States, within the District of Massachusetts, 
may also be put in evidence in this cause with the same force and 
effect as though the originals had been produced and duly proved 
herein. The copies of such of the said publications as are men- 
tioned in the deféndant’s answer in this cause shall be deemed to 
have been put in evidence by the defendants, and the remainder 
shall be deemed to have been put in evidence by the complainants, 
but either party shall be at liberty to take further evidence, if need 
be, in relation to the meaning of the originals or any part thereof 
in a foreign language from which the said translations have been 
mace. 

3. The defendants and the complainants herein respectively may 
also put in evidence copies of any caveats, patents, applications for 
patents, or other documentary matter not embraced in the publica- 
tions already hereinbefore referred to, contained in the printed rec- 
ords of the following cases formerly pending in the Cireuit Court of 
the United States, within the District of Massachusetts, to wit, 
Bell Telephone Company et a/. vs. Peter A. Dowd, American Bell 
Telephone Company vs. Albert Spencer e¢ a/., and American Bell 
Telephone Company vs. Amos E. Dolbear et a/., and such copies, so 
put in evidence, shall have the same force and effect in this cause 
as though the originals thereof had been produced and duly proved 
herein. 

4. The defendants herein may also put in evidence copies duly 
certified from the Patent Office of the testimony taken on behalf of 
James W. McDonough, and of the documents, drawings and models 
referred to therein as exhibits in the interference designated “ G” 
declared March 26, 1878, between him, Elisha Gray, Amos E. 
Dolbear, Alexander Graham Bell, George B. Richmond, Thomas A. 
Edison and Emile Berliner, and such copies so put in evidence shall 
have the same force and effect as if the said testimony had been 
originally taken, sworn to and filed in this cause. 

5. All the evidence taken and hereafter to be taken in the case 
of the American Bell Telephone Company eé¢ a/. vs. The People’s 
Telephone Company ef a/., pending in the Cireuit Court of the 
United States, within the Southern District of New York, shall be 
considered and treated as if the evidence for complainants and de- 
fendants respectively in that cause had been taken, sworn to and 
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this cause, and the printed record in that cause shall constitute 
part of the record upon which this cause shall be presented for 
judicial determination at final hearing. 
| Grorce L. Roverts, 
Of Counsel for Complainants. 
Minuer, PEcKHAM & DIxon, 
Defendant’s Attorneys. 
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(No. 57.) Defendants’ Exhibit, Gray’s Patent of Feb. 
15, 1876. 


J. A. W. Sp. Examr. May 20, 1884. 


(Introduced in Record, p. 13.) 


' 
UNITED STATES PATENT OFFICE. 
EnisHa Gray, oF Cuicaco, ILLINOIs. 
Linprovement in Electro-Harmonic Telegraphs. 
Specification forming part of Letters Patent No. 173,618, dated Feb- 
ruary 15, 1876; application filed January 27, 1876. 

i add whom it tay COMCET IL . 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Ilhnois, have invented a new and useful art of 
producing musical impressions or sounds and transmitting said 
sounds telegraphically, as well as improved apparatus for so trans- < 
mitting said sounds, of which the following is a specification. 

In Letters Patent of the United States, granted me July 27, 
L875, and numbered, respectively, 166,095 and 166,096, [have shown 
and described methods of transmitting musical impressions or sounds 
telegraphically. 

My present invention relates to means whereby tunes may be 
played by a single operator, and reproduced if desired, at a distant 
station by apparatus described in the patents above mentioned, or 
in other wavs, for which applications for Letters Patent tiled by me 
and now pending. 

My invention primarily consists in a novel art of producing musi- 
cal impressions or sounds by means of a series Of properly tuned 
vibrating reeds or bars thrown into action by means Of a series of 

8 


keys opening or closing electric circuits. It also consists in a novel 
art of transmitting tunes so produced through an electric circuit and 
reproducing them at the receiving end of the line. My improvements 
further consist in novel apparatus for the production and transmis- 
sion of such tunes. The subject-matter claimed will hereinafter 


specifically be designated. 
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In the accompanying drawings Figure 1 shows a plan or top view 
of so much only of my improved apparatus as is necessary to illus- 
trate the subject matter herein claimed ; Fig. 2, a vertical transverse 
section there through on the line 2 of Fig. 1; Fig. 3, a vertical 
transverse section there through on the line y y of Fig. 2; Pig. 4, a 
bottom plan view of the instrument; and Figs. 5 and 6 represent 
views in perspective of certain details of the mechanism. 

The drawings show an electrical organ of a single octave embody- 
ing my improvements in the best way now known to me; obviously, 
however, the number of the keys may be increased, and the details 
of construction of the instrument may be varied in many well known 
ways without departing from the principle of my invention. 

The mechanism is shown as inclosed in a box or frame A. <A 
series of vibrating reeds or electrotomes, 1, 2, 3, 4, 5, 6, 7, 8, each 
tuned to produce a note of different pitch, is shown as mounted in a 
bar, B, secured upon a stout frame. 

The method of constructing and operating these reeds is fully 
shown and deseribed in Letters Patent No. 165,728, granted to me 
July 20, 1875, and need not, therefore, be recapitulated here. Each 
vibrating reed forms part of an electric circuit which is opened and 
closed by its respective key, 1*, 2°, 3%, 4%, 5°, 64, 7", 8°, which takes 
the place of an ordinary Morse key. Each key works on a pivot ¢ 
(see Fig. 2), and has a guide pin, ¢’, to keep it steady. A spiral 
spring, c*, holds the key up and keeps the circuits normally open. 
When a key is depressed, both the main and local circuits are closed 
by springs, D, I, on the under side of the key, which form part of 
the circuit. The keys are in other respects like those of an ordinary 
melodeon. 

To counteract the tendency of one reed to be thrown into sym- 
pathetic vibration by another when sounded, I mount a series of 
stops, 7, each on its respective lever I", rocking on a pivot TF’, and 
provided with a spring 77, by which each stop is normally pressed 
against the end of its vibrating reed after the manner of the damp- 
ers of a piano. The stop is withdrawn from the reed whenever its 
key is depressed, by means of a lever, G, rocking on a fulerum, g, and 
actuated by a pin, G’, on the key. The vibration of.the reed is thus 
instantly stopped as its circuit opens; and is promptly released the 
moment before the circuit closes to throw it into action again. The 
method of running the main and loeal circuits in this instance is 
similar to that shown in my patent No. 165,728, above mentioned. 

By the mechanism above described the operator is enabled to 
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play any desired tune, which will be audible at the spot where 
played and which may be reproduced audibly at a distant station 
by means of the mechanism described in the letters patent of July 
27, 1875, hereinbefore mentioned, as well as by other mechanism 
which forms the subject-matter of applications for letters patent 
filed by me February 23, 1875, and January 8, 1876. 

I claim as my invention : 

1. The improvement in the art of producing musical impres- 
sions or sounds telegraphically, hereinbefore set forth, which con- 
sists in controlling a series of automatically and electrically vibrated 
reeds, producing tones of different pitch, by a series of keys 
arranged organ-fashion and adapted for manipulation by a single 
operator. 

2. The improvement in the art of producing and transmitting 
tunes telegraphically, which consists in controlling a series of auto- 
matically and electrically vibrated reeds producing tones of differ- 
ent pitch, by a series of keys arranged organ-fashion and adapted 
for manipulation by a single operator, transmitting the tune thus 
produced through an electric circuit and reproducing it at the re- 
ceiving end of the line, substantially in the manner described. 

3. The combination, substantially as hereinbefore set forth, of a 
series of electrically vibrated reeds and a corresponding series of 
keys for controlling them, arranged organ-fashion and adapted for 
manipulation by a single operator. 

4. The combination, substantially as hereinbefore set forth, of 
the vibrating reeds, the keys, and the stops actuated by the keys to 
control the reeds. 

5. The combination, substantially as hereinbefore set forth, of an 
electrical organ, an electric circuit, and a receiver in said circuit 
which reproduces the tune played by the organ. 

In testimony whereof I have hereunto subscribed my 
name. 
ELIsHa Gray. 
Witnesses : 
E. C. Davipson, 
H. 'T. EARNEsT. 
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play any desired tune, which will be audible at the spot where 
played and which may be reproduced audibly at a distant station 
by means of the mechanism described in the letters patent of July 
27, 1875, hereinbefore mentioned, as well as by other mechanism 
which forms the subject-matter of applications for letters patent 
filed by me February 23, 1875, and January 8, 1876. 

I claim as my invention : 8 

1. The improvement in the art of producing musical impres- 
sions or sounds telegraphically, hereinbefore set forth, which con- 
sists in controlling a series of automatically and electrically vibrated 
' | reeds, producing tones of different pitch, by a series of keys 
arranged organ-fashion and adapted for manipulation by a single 
operator. 

2. The improvement in the art of producing and transmitting 
tunes telegraphically, which consists in controlling a series of auto- 
matically and electrically vibrated reeds producing tones of differ- 
ent pitch, by a series of keys arranged organ-fashion and adapted 
for manipulation by a single operator, transmitting the tune thus 


produced through an electric circuit and reproducing it at the re- 
ceiving end of the line, substantially in the manner described. 

3. The combination, substantially as hereinbefore set forth, of a 
series of electrically vibrated reeds and a corresponding series of 
keys for controlling them, arranged organ-fashion and adapted for 


manipulation by a single operator. ! 
4. The combination, substantially as hereinbefore set forth, of ; 
the vibrating reeds, the keys, and the stops actuated by the keys to 
control the reeds. { 
; 5. The combination, substantially as hereinbefore set forth, of an 
electrical organ, an electric circuit, and a receiver in said cireuit | 

which reproduces the tune played by the organ. 
In testimony whereof I have hereunto subscribed my 
name. j 
ELISHA GRAY. 

Witnesses: 
E. C. Davinson, 

H. 'T. Earnest. 


~_ A. G. HOLCOMB, 
ule F Telegrrph-Relay inztrument. 
No. 28,274. Patented May 15, 1860. 
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(No. 58.) Defendants’ Exhibit, Patent of Alfred G. 
Holcomb. 


J. A. W., Sp. Examiner. May 20, 1884. 


(Introduced in Record, p. 13.) 


UNITED STATES PATENT OFFICE. 
ALFRED G. Hotcomp or New York, N. Y. 
Timprovement in Lelegraphic Instruments. 


Specification forming part of Letters Patent No. 28,274, dated May 
15, 1860. 


To all whom it WAY CONCET TH ? 


se 1t known that I, Alfred G. Holcomb, of the City, County and 
State of New York, have invented a certain new and useful improve- 
ment in electric telegraph apparatus ; and I do hereby declare the 
following to be a full, clear and exact description thereof, reference 
being had to the accompanying drawings, making part of this spec- 
ification. 

The object of my said invention is to increase the movement of 
the armature lever by allaying the residual magnetism in the relay 
magnet after breaking the circuit of the main battery, as hereinaf- 
ter explained ; and the invention further consists in an arrangement 
for increasing the retentive capacity of the electro magnet 

In the accompanying drawings Fig. 1 is a perspective view of the 
relay magnet. Fig. 2 1s a perspective view of my impr oved manip 
ulator. Fig. 3 is a plan of the manipulator with the key removed 
Fig. 4 is an under side view of the key. 

Ais the base of the manipulator, provided at its four corners 
with binding-posts BD’ B? B*, and near the center with metallic 
brackets CC’. 

D represents a key, the central position of which is of non-con- 
ducting material, separating longitudinally the metallic sides dd’. 
The said 
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ec are metallic pivots tapped into the brackets C ¢ 
pivots form the fulcrum of the key D and afford electrical connec- 
tion with its respective sides. 
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E FG Hare metallic points projecting upwards from the base 
A. and each communicating with one end of the respective portions 
d and d’ of the key as either end is depressed. 

Lisa spring serving to elevate the front end of the key after 
depression, and so retain it while at rest. 

J is the wooden base of the relay-magnet, provided at its four 
corners with binding posts K K’ K? K3, 

The magnet L L’ may be of customary construction, but in the 
present illustration is provided with hollow of bush-cores /, of soft 
iron, interposed between the spools and the steel cores /’, by which 
means agreater amount of residual magnetism is retained. 

M is the armature-lever, pivoted at the base in customary manner, 
and provided near the top with a platina point, m. The armature 
N may be of either steel or soft iron. 

O is the metallic standard communicating with the vibrating end 
of the armature lever by the platina point 0. p isits insulating 
point or stop. The points o and p are fixed in the ends of thumb- 
screws provided with customary check-nuts, as seen in the draw- 
ings. 

Sis the spring employed to draw the armature lever from the 
magnet when released. The said spring is connected by means of 
a silken cord, s, with a thumb screw, T, to permit the adjustment of 
its tension. The tension of the said spring is so adjusted as to 
equal in force the residual magnetism in the cores or armature, and 
thus hold the armature-lever midway between the points o and p, 
when the relay magnet is disconnected from the main _ battery. 

K? and K3 are the binding posts of the positive and negative 
wires of the local battery, and communicate with the standard O 
and armature-lever M, respectively, by conducting wires passing 
beneath the base. 

The main conducting wires are arranged and connected with the 
various parts of the apparatus as shown in the drawings, and as 
will be more fully understood from the following explanation of the 
apparatus : 

While the apparatus is in its normal position the current passes 
from the platina or positive pole of the main battery over the wire 
/’ to the binding-post B; thence over the wire 2 beneath the base 
to the bracket C and pivot ¢c; thence over the side d of the key to 
the point E; thence over the wire 3 beneath the base of the binding 
post B’, and thence over the line wire 4 to the binding post K of the 
magnet. It is then conducted by a wire beneath the base to the 
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coil 2, traverses this and the coil /’, and passes over a wire beneath 
the basé to the binding post K’ and earth wire 7. 

Fig. 8 is the earth-wire of the main battery, connected to the 
binding post B? of the manipulator, from whence the current passes 
beneath the base over the wire 9 to the point F'; thence over the 
side @7’ of the key to the pivot ¢ and bracket C’; thence over the 
wire 10 to the binding post B*, and thence over the wire 11 to the 
zine or negative pole of the main battery. 

The effect of the above-described current is to m: one tize the 
cores of the relay magnet and draw the armature lever toward the 
insulating point p, thus breaking the local current. Let the rear 
end of the key D be now elevated from the points E and I, the 
circuit of the main battery will be broken and the magnetism in the 
cores being insufficient to hold the armature lever in contact with 
the insulating point, it will be drawn by the spring 8 to its point of 
equilibrium between the points o and p; but a further depression 
of the front end of the key, bringing it in contact with the points G 
and H, causes the current to flow from the platina pole over the wire 
1, post B, wire 2, bracket C, side / of key, stud G, wire 12, point F, 
wire 9, post B?, wires 8 and 7, post K’, coils L’ and L, post K, wire 
4, post B’, wire 3, poiut E, wire 13, point H, side @’ of key, bracket 
C’, wire 10, post B®, and wire 11, to the zine pole of the main bat- 
tery, thus reversing the direction of the current through the coils of 
the relay magnet and allaying its residual magnetism by partially 
changing its polarity, the effect of which is to enable the spring S 
to draw the platina point 7 in close contact with the platina point 9, 
and thus complete the local circuit. 

It will be seen that by the above described arrangement of key, 
points and wires, a single motion of the key is made to not only 
break or complete the circuit, as the case may be. but to first break 
it and then complete it in reverse direction, the effect of which is to 
greatly increase the variations of the magnet In its active and inae- 
tive conditions and correspondingly increase the power exerted upon 
the armature lever by the magnet and spring, respectively. 

It is well known that with the apparatus now in common use the 
presence of either electricity or moisture in the atmosphere renders 
it impossible to effect a sufficient movement of the armature to pro- 
duce intelligible signals. By the use of the reverse current I am 
enabled, with a battery of a given power, to work effectually with a 
greater movement of the armature than is otherwise practicable. 

It is not necessary that the residual magnetism should be con- 
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fined to the cores of the electro-magnet. It may be in the arma- 
ture or cores by a magnet placed in any suitable position. * 

I claim as new and of my invention herein and desire to secure 
by letters patent: 

1. Producing an additional movement of the armature lever by 
reversing the electrical current in the coils of the magnet, substanti- 
tially as set forth. 

2. The arrangement of the steel cores / and iron bush cores JZ, 
in combination with the coils of the electro-magnet. 

In testimony of which invention I hereunto set my hand. 

ALFRED G. HOLCOMB. 

Witnesses : 

JOHN S. HOLLINGSHEAD, 
JAMES H. GRIDLEY. 
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UNITED STATES PATENT OFFICE. 
WitLiAmM THOMSON, OF GLASGOW, GREAT BRITAIN. 
Improvement in Electric Telegraph Apparatus. 


Specification forming part of Letters Patent No. 156,897, dated 
November 17, 1884 ; application filed January 6, 1872. 


To all whom it may concern: 


Be it known that I, Str Witiiam THomson, Knight, of Glasgow 
College, Doctor of Laws, and Professor of Natural Philosophy in the 
University and College of Glasgow, in the Kingdom of Great Britain, 
a subject of the Queen of Great Britain, have invented or discovered 
new and useful improvements in Transmitting, Receiving, and Re- 
cording Instruments for Electric Telegraph; and I, the said Sir 
WituiAm THomson, do hereby declare the nature of the’said inven- 
tion, and in what manner the same is to be performed, to be partic- 
ularly described and ascertained in and by the following statement 
thereof, that is to say: 

My said invention consists in improvements of and adjuncts to 
my syphon recorder, whereby it can be used both as a sending and 
receiving instrument, and is also made more sensitive and effective, 
more easily adjusted, and more regularly supplhed with sparks. The 
instrument is rendered more sensitive by having each side of the 
suspended or signal coil in a magnetic field. 

Figure 1, sheet 1, shows a front elevation of the suspended coil 
aaaa with a fixed iron core, > 4, inside it. Fig. 2, sheet 1, shows a 
side elevation of the same coil 7 a and soft iron core 44. Fig. 1, 
sheet 2, shows a front elevation of the same coil and core, similarly 
lettered, in their position between the poles ¢¢ of a powerful electro- 
Fig. 2, sheet 2, shows a side elevation of the case A A 
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magnet. 
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. fined to the cores of the electro-magnet. It may be in the arma- 


we ture or cores by a magnet placed in any suitable position. * 
da 7 I claim as new and of my invention herein and desire to secure 
by letters patent: 

1. Producing an additional movement of the armature lever’ by 
reversing the electrical current in the coils of the magnet, substanti- 
tially as set forth. 

2. The arrangement of the steel cores / and iron bush cores JZ, 
in combination with the coils of the electro-magnet. 

In testimony of which invention I hereunto set my hand. 

ALFRED G. HOLCOMB. 

Witnesses : 

JoHNn S. HOLLINGSHEAD, 
JAMES H. GRIDLEY. 
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Specification forming part of Letters Patent No. 156,897, dated 
November 17, 1884 ; application filed January 6, 1872. 


To all whom it may concern : 

Be it known that I, Str Witu1Am THomson, Knight, of Glasgow 
College, Doctor of Laws, and Professor of Natural Philosophy in the 
University and College of Glasgow, in the Kingdom of Great Britain, 
a subject of the Queen of Great Britain, have invented or discovered 
new and useful improvements in Transmitting, Receiving, and Re- 
cording Instruments for Electric Telegraph; and I, the said Sim 
WituiAmM THomson, do hereby declare the nature of the-said inven- 
tion, and in what manner the same is to be performed, to be partic- 
ularly deseribed and ascertained in and by the following statement 
thereof, that is to say: : 

My said invention consists in improvements of and adjuncts to 
my syphon recorder, whereby it can be used both as a sending and 
receiving instrument, and is also made more sensitive and effective, 
more easily adjusted, and more regularly supphed with sparks. The 
instrument is rendered more sensitive by having each side of the 
suspended or signal coil in a magnetic field. 

Figure 1, sheet 1, shows a front elevation of the suspended coil 
aaaa with a fixed iron core, 4 4, inside it. Fig. 2, sheet 1, shows a 
side elevation of the same coil aa and soft iron core 46. Fig. 1, 
sheet 2, shows a front elevation of the same coil and core, similarly 
lettered, in their position between the poles cc of a powerful electro- 


magnet. Fig. 2, sheet 2, shows a side elevation of the case A A 
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\containing the large magnet, only one pole, ¢c, of which is visible in 


this view. 

The coil @ aaa is made in the form of a long rectangle, and is 
supported at ¢ c, so that it is movable about the middle line paral- 
lel to the long sides. The space between the iron core and the mag- 
net is as narrow as is consistent with freedom of oscillation for the 
eoil. 

By this arrangement I obtain the following advantages: The 
force with which the coil is deflected by any given current in this 
arrangement is increased, because by it the short portions only of 
the coil at the top and bottom are not effectively influenced by the 
electro-magnetic force. The length of the top and bottom portions 
of the coil can, by the said arrangement, be greatly reduced, and so 
the mass and moment of inertia of the signal coil are much dimin- 
ished. 

The instrument is rendered more effective and is more easily 
adjusted by the application of graduated shunts to the signal coil, 
to regulate what I designate the damping. This is an effect due to 
induction between the moving coil and the magnet, and its effect 
is to diminish or wholly prevent injurious oscillation in the signal 
coil. One method of producing this effect heretofore adopted con- 
sists In applying a shunt to the receiving coil. JI now provide a set 
of shunt coils of graduated resistances with a convenient arrange- 
ment, whether by a plug or slide, for applying the desired degree of 
shunt tothe movable coil. By this means the exact amount of 
damping suitable to each speed of signal can be obtained. This 
system of graduated shunts is also convenient for assisting in the 
adjustment of the sensibility of the instrument. These shunts are, 
for the sake of simplicity, not shown in the drawing, They may be 
placed inside the case A A, and are to be in electrical connection 
with the terminal screws dd’, shown at Figs.1 and 2, sheets 1 and 
2. The received current enters by one of these screws, 7, and after 
flowing through the signal coil @ a, goes out by the other screw . 
A portion of the received current is necessarily diverted through the 
shunt. 

Another method of obtaining the required damping is to construct 
the signal coil, wholly or in part, of bare wire, the effect being 
wholly or partially to short circuit the signal coil by contact be- 
tween successive layers. The advantage gained by this plan is ex- 
treme lightness of coil. 

The signal coil, with its soft iron core and suspension, is attached 
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| _ toaremovable plate, easily taken out and replaced. This reyfov- 
able plate is shown detached from the instrument at Figs. 1 and 2 
| of sheet 1, being lettered B B. In Figs. 1 and 2, sheet 2, it is shown 


in its place. This removable plate B B, together with the soft iron 

core b, suspended coil a, connecting fiber s, and suspended siphon 

| m, may be kept ready in duplicate to replace almost instantly 

7 that which has been in use, in case of any accident, such as the 
clogging of a siphon. 

The adjustment of the signal coil is improved by using the 
torsional elasticity of stretched wires to give it directing force. 
These wires e and é are shown in Figs. 1 and 2, sheet 1. The 
upper one can be shortened or lengthened by turning the drum 7 
and slipping the little brass piece on which it is mounted up or 
down the slide 7’, from which it is insulated by the piece of vulean- 
ite 7”. ‘The lower wire might have a similar adjustment, but I pre- 
fer to leave the shortening and lengthening to be done at one end 
only, and to attach the lower end to a spring g, the effect of which 
is to limit the stress on the stretched wire, and keep it constant. 

The directive power is. given by the torsional elasticity of the 
wires ee. The undeflected position of the signal coil is adjusted 
by turning the drum / onits axis. This twists the wires e e’, and 
turns the coil to right or left, as may be desired. ‘Three small 
adjusting screws, /’ h’, are provided, by which the wire emay be 
made truly central with the pivot g’, Fig. 3, sheet 1, and a second 
set of three screws, /’, is provided, by which the pivot 7 can be 
made truly central relatively to the fixed iron core 4 >. With these 
adjustments the space between 4) and ¢ ¢ can be made much smaller 
than would be possible without them. The wires ¢ ¢’ also serve as 
electrodes or terminal wires to the signal coil, and are connected 
by suitable helices ¢ ¢@ with the insulated terminals ¢ 7’. I improve 
the suspension and adjustment of the siphon by carrying it in a 
similar manner—that is to say, upon a wire stretched in torsion. 
The long leg of the siphon is lettered m, and its short end m dips 
into the reservoir D. The siphon is carried by a little saddle, 7’, 
which supports the horizontal limb thereof, and its attached to the 
7 stretched wire o 0', held tight by strings 0?, which can be turned 

round, thereby twisting the wire by the torsion heads p p’. The 
brass frame gg! 1s capable of adjustment by turning on the axis 
which is at the same time a pinching screw. 
The whole system g ¢', siphon m m’, and stretched wire 0 0}, 
can be moved in or out relatively to the plate B B by slipping 
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it between the nut 7 and the support 7’, but firmly held by the 
screw 7 and nut when the adjustment is complete. The fibre 
joining the siphon and signal-coil is lettered s, Fig. 2, sheet 1. 

The instrument is adjusted as follows: Lengthen or shorten the 
wires ¢¢’, to give the required rapidity of oscillation; make the wire e 
central with the point g’, make the point g’ central with the iron core 
4b; turn the torsion head £ in such a direction as would tighten the 
fibre s ; turn the torsion heads p p’ in such a direction as will tighten 
the fibre s; also move out the frame g so much as will tighten 
s sufficiently to bring back the siphon to a mean vertical position, 
and the coil a « to the central position shown in the drawing. - If 
the fibre s brings the siphon back to the vertical before bringing the 
coil a a @ a to its central position, undo a little of the twist given 
by the torsion head &, and vice versa. I sometimes use a fine glass 
tube instead of a siphon, fixing the upper end to the ink-bottle, and 
making the tube of such a shape that its marking arm can spring, 
by torsional elasticity or otherwise, so as to follow the oscillations 
of the signal coil with sufficient freedom. In this case I keep that 
member of the fine tube next the ink-bottle stretched in a straight 
line by the tension of a stout fibre connected to it and extending 
from the point where the tube is bent at right angles to form the 
marking arm. This arrangement is shown in side elevation at Fig. 
4, sheet 1, and in front elevation at Fig. 5, sheet 1, where A repre- 
sents the ink-bottle : B, the fine glass tube of which 4 is the marking- 
point: ¢ the portion which springs by tortional elasticity, and d the 
stout fibre coupling the tube to the arm e. 

The tube may be fitted to the ink-vessel by a tube of thin sheet 
[India-rubber, or similar material, or the tube may, as shown in 
the drawing, be rigidly cemented into the ink-bottle, its own flexi- 
bility giving sufficient mobility to the outer end. 

The fibre connecting the marking arm with the signal coil may, 
as is shown at Fig. 5*, be prolonged, and provided with a very light 
spring of sufficient resilience for the purpose of keeping the connect- 
ing fibre tight during all its motions. 

I Sometimes give stiffness to the siphon or tube by stays. 

If, in any case, the mobility in the plane of the paper is found too 
free with a round tube, greater rigidity can be given by making the 
tube of oval section, or other arrangements of a stretched fibre, 
acting as a stay or stays as shown at Figs. 11,12, and 13, may be 


used. 
Another method of arranging the marker is shown at Fig 13*. 
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ais a fine marking arm, cemented into a somewhat coarser horizontal 
branch projecting from a glass siphon, 4%. This siphon is supported 
so as to be capable of turning round its long vertical leg. The mode 
of support is by two stretched wires or fibres pulling in opposite 
directions. The axis of motion is in this plan vertical. The fine 
marking arm is about as fine as a fine sewing-needle. The coarser 
arm and siphon is of glass tube, just wide enough to let the fine arm 
slip In. 

The fine marking arm may be pulled out in case of choking, and 
another slipped in and cemented with wax at any moment. 

While giving greater effective rigidity in the plane perpendicular 
to the paper, it will give either unchanged mobility, or less mobility, 
or greater mobility of the tube parallel to the paper, according as its 
fixed end is in a certain line perpendicular to the length of the 
tube, or nearer the outer end, or farther from the outer end. When 
the single stay is used its fixed end is adjusted to give the desired 
mobility to the outerend of the tube, and the proper tightness of 
the stay. 

This improvement allows the plane of the arc, along which the 
marking end of the tube moves in virtue of the signals, to be horizon- 
tal instead of vertical, as it necessarily is with the siphon, if of sim- 
plest form, and smallest amount of inertia attainable ; and it also 
allows, when desired, the signals to be first shown on the portion of 
the paper where it is running horizontally. 

Thisimprovement further allows ink or other fluid to be forced 
through the tube by hydrostatic pressure, to clean the tube or to 
mark paper for signals independently of sparks. In many cases— 
for instance, in rapid signaling with powerfu! currents through land- 
lines—the requisite pressure for good marking, whether with or 
without electrification of the siphon, may be that due to from one to 
three or four inches head of the hquid. 

In all such cases this pressure is .most conveniently obtained 
by having free communication of air pressure between the atmos- 
phere and the free surface of ink in the ink vessel—that is to say, 
by having the ink vessel either open or closed by a cover not per- 
fectly air-tight. When greater constant pressure is desired that can 
be easily thus obtained. I produce the requisite pressure either by 
gravity acting on a column of mercury, or by air or other fluid press- 
ing on the free surface of the ink, or bya piston or by a flexible part of 
the ink bottle acted on by force properly applied from without. The col- 
nmn of mercury is preferablein respect of constancy. Lalso apply hy- 
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drostatic pressure to free the tube from obstructions. Ifthe tube be- 
comes clogged at any time,so as to impair the marking, the obstruc- 
tion isoften removable by fluid pressure forcing the ink to flow through 
it. This cannot be done easily for the siphon otherwise than by the 
a delicate ‘oper- 


operator’s sucking the lower end of it by his mouth 
ation, involving the probability of breaking the siphon. With the 
fixed tube various methods can be adopted, by which it may be 
cleared with much greater force with perfect safety to the tube, and 
without any dexterity on the part of the operator. 

One of these is as follows: I apply an air syringe of small bore 
to the upper part of the ink bottle, which, if ordinarily open to the 
air, is to be closed for the occasion by a proper plug or stop-cock. 
Any degree of air pressure required is then readily applied to the 
free surface of the ink. 

Another method is by a reservoir of mercury connected by a 
flexible tube to one branch of a U tube, the upper portion 
of the other branch of which is in hydrostatic communication with 
the ink vessel, either through the liquid itself, continued to the sur- 
face of the mercury, or through a portion of air intervening. A 
much greater pressure than can be obtained by blowing with the 
mouth can be easily provided by raising the reservoir of mercury 
at anv time through the spaces of a few inches or feet. 

The mercury reservoir may be left ordinarily in such a_ position 
as to give the proper pressure for regular marking ; but at any time, 
in case of suspected clogging, for instance, it may be instantly raised 
or lowered, so as to produce a largely increased or largely dimin- 
ished pressure. 

When mere pressure on the ink will not remove obstructions I 
force down nitric acid or suck it up from the bottom of the tube 
from a vessel provided with this object. This is most easily done 
by applying (with the aid of the apparatus above described) nitric 
acid to the marking end of the tube, and drawing avery small quan- 
tity of that fluid through the tube, either by a syringe acting as a 
drawing air-pump, or by a mercury vessel lowered several inches 
below the level of the tube. 

J put a counterpoise to the siphon, preferably attached on the 
aluminium carrier on the side remote from the marking arm of the 
siphon, to diminish irregular vibrations. This counterpoise, which 
may be of wax, is attached to the carrier 7’, so that the centre of 
inertia of the siphon m and the carrier with counterpoise may lie 
on the axis round which the whole turns. This has two advantages: 
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first, diminishing the tendency to irregular vibrations caused | by 
tremors transmitted through the framework, whether from the mov- 
ing gear or from disturbances in the neighborhood, such as are ex- 
perienced when the instrument is used in a crowded city, in a fac- 
tory or at sea; second, checking the disturbance of signals caused 
by the motions of the ship when the instrument is used at sea. 

I conduct away ink flowing from the siphon when not in use by 
an adjustable vessel or reservoir (not shown in the drawings). In 
order to admit of the introduction of this reservoir, and for other 
purposes it is necessary that there should exist an arrangement for 
drawing back the paper from the siphon point. This arrangement 
is shown in Fig 1, sheet 2. The paper follows the line I 1 1 1, being 
drawn only by the roller ¢ driven by suitable gear from the prime 
mover, namely, an electro-magnetic engine hereinafter deseribed. 
Just before reaching this roller ¢ the paper passes over the shield 
w, and this. shield can be drawn back or pushed forward by the screw 
and thread w’, which, on being turned, causes the shield w to slide 
backward or forward. This mechanism is shown in enlarged de- 
tached views at Figs. 1 and 2, sheet 3. The paper can also be ad- 
justed laterally by moving the whole bracket E E outward and in- 
ward on the frame Ff. This gives an adjustment in a plane at night 
angles to that in which the head w’ causes the paper to move. 

I also provide against the accumulation of large drops of ink at 
the end of the siphon or tube, when no signals are being recorded, 
by keeping the paper moving at a slow speed. I drive the drawing 
off roiler as follows : A small V pulley, 3, Figs. 1 and 2, sheet 2, is 
placed on the shaft of a prime mover, 2. A belt passing round 3 
drives the large pulley 4 on the shaft 5. A belt from a small pulley 
6, on the shaft 5, drives the pulley ? on the shaft of the paper roller 
t, or instead of this arrangement I prefer to use that shown at Figs. 
6 and 7, sheet 3, wherein the paper roller ¢ is driven by means of a 
clutch y, and this allows the paper to be moved at a slower rate 
than obtains with the mechanism previously described. The clutch 
gq admits of being thrown back so as to release the shaft on which 
the roller ¢ is fixed by means of a lever, 7, Figs. 6 and 7, sheet 3, 
and then becomes engaged with a toothed pinion, g', whica drives 
a spur wheel, 7?, on a secondary shaft, 7?, a pinion, g4, on which 
again drives a spur wheel, 7°, on the shaft of ¢, which is then driven 
at a much slower speed. I prefer to let the shaft 5 be entirely sup- 
ported by two belts, having only lateral guides to keep it in its 
place. This arrangement diminishes friction, and prevents the 
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transmission of mechanical vibrations from the prime mover to the 
paper. 

The paper and statical induction apparatus are driven by an 
electro-magnetic engine of improved construction. (Shown at Figs. 
6 and 7, sheet 1.) This engine consists of a series of bars of soft iron, 
aad, arranged like the staves of a barrel, but separated from one 
another by insulating material, and successively attracted by the 
electro-magnet A. The make-and-break apparatus by which the 
electro-magnet is caused to attract the successive bars’ or 
armatures @aaat the proper time is shown in detail at 
Figs. 8, 9, and 10, sheet 1, and its position in relation to 
the electro-magnetic engine is shown at Figs. 6 and 7 thereof. The 
circuit of the electro-magnet is complete when contact is made be- 
tween the platinum knob ¢ attached to the spring ¢, and the platin- 
ized contact piece c, which are at other times insulated from one 
another by the vulcanite piece 7. The movable contact piece is a 
short piece of stout platinum wire c, soldered near one end of an 
approximately straight steel spring ¢d. This end of the spring is 
reduced to a round pin z,in line with the middle line of the 
spring, and projecting to a short distance beyond the platinum con- 
tact piece. The other end of the spring is attached to a fixed insu- 
lated piece of metal g, with which it is in metallic communication, 
and through which it forms a part of the circuit, which is completed 
when the movable contact piece c is allowed to press on the fixed 
contact piece e by the projecting pin z, being let down by the cam A. 
The line of the spring is parallel to the axis of the electro-mag- 
netic engine, and its plane of motion passes through this axis. The 
cam lifts the projecting pin « to break contact, and leaves it free at 
the proper times to make contact by its own elastic force. The 
spring d, which is approximately straight, either when making con- 
tact, or when hfted through the small space of the cam’s action on 
it, is under considerable elastic strain. When dismounted and al- 
lowed to take its unstrained shape it is curved. In this state the 
curvature ought, if the flexual rigidity of the spring is uniform 
throughout, to be approximately in simple proportion to length 
along the curve from the end, which is fixed when the spring is in 
position. This condition is easily fulfilled with sufficient approxi- 
mation to accuracy by giving the spring a proper set, so that when 
mounted it is found to be nearly enough straight, and to press with 
sufficient force against the fixed contact piece to secure good con- 
tacts. ‘This disposition is such that the motion of the spring is in 
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a plane perpendicular to that of the cam, the form of the spring 
approximately straight, and the point of pressure of the cam very 
close to the movable contact piece. A screw w is used to lift or 
lower the spring d, and thus adjust the length of contacts. The 
time when contact 1s made is adjusted by turning round the cam A 
on the axis, and fixing it in the required’ position by set screws 7 
and. 7. The bearings of the electro-magnetic engine should be con- 
structed so as to cause very little friction, and I attain this end by 
supporting the pivots of the main shaft 4 4, Fig. 6, sheet 1, on roll- 
ers dd. Each pivot is prevented from slipping off the roller by two 
smooth parallel guides, between which it plays easily. Motion of the 
shaft in the direction of itsaxisis checked by two hard plates ~’, fixed 
perpendicular to its axis at a distance asunder slightly greater than its 
length. The anti-friction rollers ¢ d, each of one piece of steel, 
are of the shape shown in the drawings. They are kept in position 
by end plates similar to those hereinbefore described for the main 
shaft 66. Each of the rollers ¢ d dips into an oil vessel, and carries 
oil round sufficiently to keep its own pivots and the pivots of the 
main shaft constantly oiled. 

The guiding cheeks of the main shaft and the bearings of the 
anti-friction rollers are so placed that, during the action of the in- 
strument, the pivots of the main shaft press each of them, only on 
one of these guides and on the anti-friction roller, but with much 
more force on the anti-friction roller than on the guide. It need 
press with no more force on the guide than to prevent it from leay- 
ing that guide and moving over to the other under the influence of 
the varying force to which it is subjected through the successive 
electro-magnetic attractions. I regulate the speed of revolution by 
adding or subtracting resistance from the circuit of the electro- 
magnet; and I sometimes (liminish the spark at the contact piece ¢ 
by using a permanent shunt, connecting the ‘ends of the electro- 
magnet’s coil. 

The induction apparatus is constructed so that the replenisher 
is alone used and the electrophorous heretofore employed is dis- 
pensed with. I use the armatures of my engine disposed as staves 
of a barrel, aaa, Figs. 6 and 7, sheet 1,as part of the carriers of the 
induction apparatus, the other part being a series of brass strips, 


ft f fF, Figs. 6 and 7, attached to the soft iron staves. 


The action of the replenisher is as follows: E, Figs. 6 and 7, is a 
plate in connection with the earth. B is an insulated plate, from 
which the electricity of high potential is taken to the siphon. Four 


526 DEFENDANTS EXHIBITS. 


springs, g i i x, the last being shown by a dotted line only, are ar- 
ranged so as to make the contacts hereinafter described. ‘The car- 
riers @ a@ aa are moving in the direction of the arrow 1’. 

When a earrier a first comes under the cover of the insulated 
plate B, which is, say, positively electrified, it is electrically con- 
nected with plate B by the spring g, making contact with the metal 
bar vw’, attached to a. Any positive electricity on @ then flies to B 
2°. When the same carrier @ has moved farther, so as to be com- 
pletely covered by the plate B, the contact with the spring ¢ is 
broken, and a little later a fresh contact made with the spring /, and 
a diametrically-opposite carrier a is, by the spring /, at the same 
time joined to the carrier a first referred to, and, being covered by 
the earth-plate E, the said carrier a becomed by induction positively 
electrified, while the opposite carrier is negatively electrified, 3°. 
After the two contacts with 4 and & have been broken the carrier a, 
now negatively charged, is put into connection with the earth, and 
discharged by the spring 7 4°. The same carrier is, in its turn, posi- 
tively charged by the spring /. 

In place of the electro-magnetic engine hereinbefore described I 
sometimes employ as my prime mover a magnetic engine of the ar- 
rangement illustrated at sheet 7 of the accompanying drawings, 
whereon Fig. 1 is a section, partly in elevation, thereof; Fig. 2, an 
elevation of that end marked A, Fig. 1; Fig. 3, an elevation of that 
end marked B, Fig. 1, while Fig. 4is a detached view of the vul- 
canite disk G, showing the arrangement of the carriers @ situated 
thereon. This engine consists of one bar or of a series of bars of 
soft iron compactly packed together, situated in the interior of and 
extending the full length of the cylindrical casing A,which is attached 
to the engine shaft B, as shown at’Figs. 1 and 2. The casing A is 
so situated in the interior of a powerful cylindrical compound mag- 
net, C, that as the engine revolves the opposite ends of the soft iron 
bars contained in the casing A are alternately brought under the in- 
fluence of the opposite poles of the said magnet C. 

The make and break apparatus, by which the magnet is caused 
to attract the opposite ends of the soft iron bars alternately 
is more particularly shown at Figs. 1 and 3. 

The movable contact pieces by which the current is alternately 


made and broken consist of a series of springs arranged in two sets, 
Dand EK. Each of these sets is arranged after the manner of the 
teeth of a comb, and is made to bear upon the periphery of the 
drum I’, which is situated upon the engine-shaft B, as shown, At 
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two points in the periphery of the drum F, diametrically opposite 

to each other, and in the plane of the soft iron bar, strips of agate 

or other insulating material are inserted, as shown, which, when 

brought round by the revolutions of the drum F, so as to be in con- 

tact with the springs D and E, thereby break the metallic connec- 

tion, and therewith the attractive influence of the magnet upon the 
, end of the soft iron bar is reversed. 

The induction apparatus is constructed and arranged in the 
following manner: Upon a vuleanite disk G, the carriers @ @ are 
arranged as shown at Figs. land4. The disk Gand carriers ¢ @ are 
partially inclosed by a metallic casing, but which is insulated from 
| the carriers ¢@ @ by means of a thin vulcanite lining, 4, as more par- 
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ticularly shown at Fig. 1. 

The metallic casing is constructed in two parts, as shown at Fig. 
2, one side of which, namely, that marked E* , is in connection with 
the earth, while that marked D« is completely insulated, and from 
| which the electricity to the siphon is conducted, the manner where- 
|: by the electricity is drawn from the earth-plate E, and discharged 
on to the insulated plate B, being in every respect similar to that 
employed for the same purpose with the electro-magnetic engine 
hereinbefore described, namely, through the medium of the springs 


rs g,h,¢ and #, as arranged and shown at Fig. 2. I used a dry pile, 
| contained in the vulcanite-chamber X, Figs. 1 and 2, sheet 1, and 
Figs. 1 and 2, sheet 2, to initiate the electrification of the inductor 
B. I connect the electrified inductor B with the siphon by a me- 


tallic conductor, W, Figs. 1 and 2, sheet 2, and a semi-insulating 
thread,» The conductor W leading from the inductor B rests upon 
the shaft #’, upon which the drum Y is earried. 

When the conductor W becomes overcharged with the current, ¢ 
portion of it may be drawn off by placing the wooden arm W’in con- 
tact with or very close to the little wooden stud /, attached to the 
under side of the conductor, and thus a portion of the current is 
diverted, the remainder or non-diverted portion passing on con- 
stantly by asemi-insulated thread v7, which can be lengthened or 
shortened to oppose more or less resistance to the passage of elec- 
tricity. The mode of attaching, lengthening, or shortening this 
thread » is shown in Figs. 1 and 2, sheet 1, and at Figs. 1 and 2, 
sheet 2. 

The one end of the thread is attached to the metal shaft  bear- 
ing a vuleanite cylinder FI, having a deep screw cut on it. The 
other end of this thread v is attached to a small metal drum Y, 
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acted on by a spring like that on ordinary pocket measuring tape. 
By turning the vulcanite drum the thread is wound upon it, and 
pulled out from the metal drum so as to augment the resistance, as 
in Wheatston’s rheostat. Whenthe vulcanite drum is turned in the 
other direction, the spring draws the string around the metal drum; and 
the resistance is diminished. If the smallest resistance thus obtained, 
when the two drums are conveniently placed, isfound to be toosmall, 
the part of the thread remaining unwound between the vuleanite 
drum and the metal shaft of the vulcanite drum may be impregnated 
with salt, or even replaced by a fine metallic wire. Asecond thread 
may similarly be used between the plate B and earth, to draw off an 
excess of electricity. The speed of the engine, as has been stated 
above, is regulated by shunts and added resistance. The shunts, 
where chronometric accuracy is desired, are thrown off and on bya 
differential motion regulated by a pendulum. Instead of shunts, 
added resistance might obviously be treated in the same manner. 

The mode by which the shunts are thrown off and on is shown 
in Figs. 1 and 2, sheet 4. The shaft @ is called the chronometer 
shaft. It rests on two anti-friction rollers 7 and g, attached to 
one long shaft, 4, which may be supported on ordinary bearings 
below it. It bears upon these rollers by two other rollers, 7 and 4, 
eoaxial with itself. 

The roller 7 is rigidly attached to the chronometer shaft. The 
other roller, kh}, is attached to a tube /, mounted on this shaft a by 
means of a collar at one end of the tube, and a bearing at its other 
end for one terminal pivot of the chronometer-shaft «. The four 
rollers, 7, y, 7 and /, are of such dimensions as to give the tube / 
such a differential motion that it goes round somewhat faster than the 
chronometer shaft. I find that something from five to ten per cent. 
faster than the chronometer shaft gives good results. A second- 
tube, m, fitting between two collars on the chronometer shaft, is 
placed close to the tube /, and is carried round by two spring clips, 
n, pressing it externally, or other suitable friction gear may be 
employed. This second tube m, when unchecked, is carried round 
as if rigidly connected with the first tube; but it can be checked 
with ease, so as to be altogether stopped at any time. When it is 
released the friction is sufficient to set it very suddenly in motion 
again with the same speed as the first tube. The second tube m car- 
ries one or more arms, 0 0 0, which act upon a pendulum, p, through 
a pallet or pallets, after the manner of the teeth of a dead-beat 
escapement wheel, as shown at Fig. 4, sheet 4. They keep the 
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pendulum p vibrating, and at each impact on the dead-face of the 
pallet the rotation of the tube is checked sufficiently to prevent 
more than one arm from passing for every period of the pendulum. 
Thus, if a “half-seconds” pendulum be used—that is to say, a pen- 
dulum whose period is one second—and if the second-tube 7 is to 
turn once round in six seconds, there must be six arms; or, if it 
turns once round in five seconds, there must be five arms, as shown 
in the drawing. | 

These arms might be rigid, like the teeth of an ordinary escape- 
ment wheel, so that the arrangement would simply be an escape- 
ment wheel loose on the chronometer shaft, and influencing it in 
the manner described below; but I prefer making the arms elastic, 
to prevent damage in case of any of them being taken aback by the 
pallet, and also to regulate the motive force applied to the pendulum 
by each arm in escaping the pallet. 

There may be either two pallets, arranged just like the ordinary 
anchor of the dead-beat escapement, or there may be only one pal- 
let, one side of the anchor, as it were, being cut away. When only 
one pallet is used, the plane of motion of the arm may very conve- 
niently be perpendicvlar to the plane of motion of the pendulum, 
which gives an arrangement preferable, in point of simplicity, to 
other more common or obvious transformations of the general plan 
described above. 

Another fixed spring, s, is similarly kept in communication with 
a metal ring, 7, rigidly attached to the chronometer shaft a. The 
rim of this ring is composed partly of metal and partly of insulating 
material, as seen in Figs. 1 and 2, sheet 4, and is touched by the 
spring ¢ (Fig. 1, sheet 4), carried by the escapement wheel or tube 
m. By insulating materials properly placed these two springs « and 
¢ are cut off from metallic communication through the moving parts, 
which have been described, except when the spring 7, carried by the 
escapement wheel, is in contact with the metallic part of the rim on 
which it presses. 

One or other of the springs s and ¢ may be in metallic communi- 
eation with the chronometer shaft and the two tubes / and a, but J] 
prefer insulating all the pieces of metal which are in connection 
with either of the fixed wires by vulcanite or other proper material, 
so as to prevent metallic communication between them and the 
shaft and tubes. The two springs s and ¢ are connected to the two 
ends of the coil of the driving electro-magnet A, Figs. 6 and 7, sheet 
a by electrodes of proper resistance, to fulfill the following condi- 
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tion: When the second tube m is in such a position relatively to 
the main shaft a@ as to make contact, the coil of the electro-magnet 
is shunted, so as to reduce the driving power sufficiently for the pur- 
pose of regulation. For example, if the resistance in the electrodes 
and movable contact pieces, which have been described, 1s infinitely 
small, the driving power would be altogether stopped when the con- 
tact referred to is made; but this would be a more abrupt control- 
ling action than is desirable. In most cases I prefer to arrange so 
that the resistance in the shunt shall be several times greater than 
the resistauce of the electro-magnet; and I secure that the control- 
ling action shall be sufficient by adjusting the rate approximately 
by the method above described. All that is necessary to secure 
this condition is that. without the regulating shunt, the chrono-, 
meter-sbaft would attain a speed greater than the proper speed, but 
that when the shunt is applhed the power is insufficient to maintain 
the proper speed. 

In connection with my instrument I sometimes employ a 
chronometer for the purpose of indicating the time at which a 
message is being transmitted or recorded. The position which tke 
said chronometer occupies in relation to the other parts of the 
instrument is shown on the general arrangement drawings, Figs. 1 
and 2, sheet 2; while its constructive features are more particularly 
illustrated at Figs. 3, 4 and 5, sheet 3, which are respectively a side 
elevation, plan, and end elevation thereof. 

Under the arrangement shown a pinion @, fixed upon the 
spindle of the paper roller ¢,is placed in gear with the first wheel 6 
of the chronometer train, the number of teeth in the wheel and 
pinion being such that, with the rate at which the pinion «@ is 
driven, the wheel 4 is caused to make a complete revolution in 
exactly five minutes. In accordance wherewith its flat face is 
divided into five equal spaces, numerically marked, as shown at 
Fig. 3, sheet 3. Coaxial with the wheel 4, a pinion ¢d is fixed, 
which is geared into a wheel e, the number of teeth in the 
pinion d@ being, to the number of teeth in the wheel e, on the ratio 
of one to twelve. Phe wheel 2 thus makes a complete revolution in 


one hour. fn bre maarreP ce DDD DS, WPMD LPs SomMEV*y Hais as the 
CUCL, Cia LCE 23P PEOwer wheel g, and the ratio of the number 
of teeth in their respective circumference being one to twenty-four, 
the wheel g makes a complete revolution in twenty-four hours. 
Upon the flat face of the wheel g a drum, /, is fixed concentric 
therewith, the outer surface of which is divided into hour units, and 
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numerically marked in succession, as shown at Fig. 3, sheet 3. Its 
outer rim zis correspondingly divided, and at each division has a 
type or types situate thereat, indicating numerically the successive 
hours. As the strip of paper, I, upon which a message is to be re- 
corded, or which may be employed as the medium of transmission, 
according as the instrument is employed for either sending or re- 
ceiving signals, is drawn along in contact with the lower surface of 
the drum Af, in the direction indicated by the line 1, and by the 
arrows at Fig. 3, each hour in succession is stamped thereon, that 
being effected by means of a stud / attached to the wheel e, being 
at a point in each successive hourly revolution brought into contact 
with and depressing a lever 7. Immediately that the stud / has 
passed out of contact with the lever / a hammer, 7, fixed upon the 
extremity of a lever 7, ig forced upward by means of the resistance 
of a spring 7’, so as to strike the paper I against the periphery 7 of 
the drum /, whereby it receives an impression from the type or 
types situated thereon, the said impression recording numerically 
the hour of the operation, and each successive hour is similarly re- 
corded, minutes being read off at x upen the wheel 0. 

The new instrument sends as well as receives messages. ‘The 
same motive powers and gearing may be used to draw forward 
punched paper for signaling, and I sometimes use the same stripg 

: of paper to send and receive messages, alternative lengths of the 
‘paper being punched and plain. The electrical connections are so 
arranged that the signals sent by the paper are recorded on the same 
paper. The paper used to send is punched into two or more rows 
of holes, as hereinafter set forth, and contact made through the 
_holes by dead pressure between two metallic surfaces C and D, and 
sprigs z and y, as shown at Figs. 6,7 and 8, sheet 3. These con- 
tacts may be made a little behind the siphon, or elsewhere. A suit- 
able switch is provided for altering the connections from sending to 
receiving. The same instrument, with the signal-coil sufficiently 
shunted, records the sent signals. I prefer a simple stout bar, F, 
Figs. 7 and 8, sheet 3, pressed against contacts, as my switch. I 
give positive and negative signals by two constant springs, « and y, 


only. To do this I keep the two poles of the battery constantly con- 
DPD YS W AAA AQS) BAOVAsss NEXONGER B@ Wire  S_ Fic. S_ sheet 32, ; su i _ 


erent resistance, the middle of tus wire aT CIURRCCECR Wit te 
’ ° ‘4 f , 
line, as shown, and the middle of the battery with earth. 

The diagram, Fig. 8, sheet 3, shows the proper arrangement o 
connections for sending and receiving, as above described. Th 
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diagram, Fig. 9, sheet 3, shows the punched paper. The part of 
the instrument by which the paper is punched contains the follow- 
ing peculiarities : 

The paper, which is drawn on by a drum after each perforation, 
begins to move gradually, and, after attaining a maximum of speed, 
comes gradually to rest. The power employed to make the perfora- 
tions and to start the paper may first start a fly-wheel loose on a 
¢ shaft, but tending to draw it on by friction. I also draw 
back any slack in the paper behind the drum by a spring or weight. 


revolvin 


The part of the instrument by which the paper is punched is con- 
structed to suit the Steinheil system, with perforations in two rows. 
The same plan, with obvious enough changes of detail, is applica- 
ble to perforate the paper, for other modes of signaling which may 
be desired. In any case, I use three levers, which, according to 
usage, will often be called keys. One of them I call the space-key, 
another the dot-key, and another the dash-key, the recent sub- 
marine usage having applied the name of dots and dashes in sub- 
marine signaling to left and right motions of the marker. 

The dot-key makes its perforations in the proper line of the 
dots ; the dash-key in that of the dashes. The punches may be 
rigidly attached to the keys, or they may move in slides, pressed 
down to cut the paper by the key, and returning by springs. I 
prefer to connect each punch rigidly with its key. The paper is at 
rest for the whole time during which the lowest part of any of the 
punches is below the upper surface of the paper, it being supposed 
that the punches move downward in cutting. As, however, a de- 
tailed description and drawings of the said paper-punching mech- 
anism was deemed objectionable upon the examination of my 
application, they are not given. 

In lieu of arranging the instrument in all respects as hereinbe- 
fore described, I prefer to dispense with the glass case in which it is 
inclosed, and sometimes not to use chronometric contact, and to 
udopt the general arrangement illustrated at sheet 5 of the draw- 
ings. In this arrangement an air turbine, driven froma pulley on 
the revolving-shaft 46 of the electro-magnetic engine, is used to 
drive a current of dried air through the casing E containing the 
electro-magnetic engine, as well as through the tubular casing B 
which surrounds the insulating stem bearing the ink-bottle and its 
connections. The turbine is by preference placed in one side of the 
casing ©, which contains the driving electro-magnet, and the cur- 
rent of air drawn in by its revolution is discharged up through the 
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floor of the casing E, and in part out through perforations o inthe 
shield p of the conductor W, as shown, and in part bya pipe g 
leading to the tubular casing B. The air driven through the ap- 
paratus may be dried by passing it over sulphuric acid, or other 
means for depriving air of moisture may be adopted. The result 
of this application of the turbine is both to prevent rust or shreds 
from settling on the stems, and to keep them dry. The same 
tubular arrangement allows air to be occasionally forced through 
by bellows or a hand fanner, so as to blow away from the case and 
stems dust which may have accumulated. 

Having now described the nature of my said invention and the 
manner in which the same is or may be used or practically carried 
into effect, | would observe,.in conclusion, that what I consider novel 
and original and therefore claim as the invention is: 

1. The combination and arrangement, substantially as before 
set forth, of the electro-magnet, the suspended signal coil and the 
fixed soft iron core for said coil. 

2. The combination, substantially as before set forth, of the sus- 
pended signal coil, the suspended siphon or marking tube and the 
connecting fibre, with a removable plate or stock, so that the said 
coil and marking tube can be readily removed and replaced by 
others adjusted for use. 

3. The combination, substantially as before set forth, of the 
signal coil with the stretched wires communicated with the insula- 
ted terminals, the drum to shorten or lengthen the said wires, and a 
torsion head to turn the same on their axis, so that the signal coil 
may be adjusted by the torsional elasticity of the stretched wires, 
which also act as electrodes. 

4. The combination, substantially as before set forth, of the 
marking tube, the stretched wire that carries it and the torsion- 
head for turning the said wire. 

5. The combination, substantially as before set forth, of the ink 
reservoir, the marking tube and the suspended signal coil, so that 
while the said marking tube is fixed to the ink reservoir the outer 
end of said tube is free to be moved in consonance with the oscilla- 
tions of the signal-coil. 

6. The combination, substantially as before set forth, of the ink 
reservoir and the device for applying a varying pressure tv the sur- 
face of the liquid in said reservoir, so that said liquid may be drawn 


or forced through said tube as desired. 
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fj 7. The combination, substantially as before set forth, of the 
a working arm of the marking tube with a stay for stiffening it. 


8. The combination, substantially as before set forth, of the mark- 
ing tube with a counterpoise to diminish vibrations. 

9. The method, as before set forth, of preventing an accumula- 
tion of ink at the point of the marking tube when signals are not 
being received, by traversing the paper slowly past the said point 
at such times. 

10. The combination, substantially as before set forth, of the 
plate connected with the earth, the insulated plate, the contact 
springs, the revolving carriers and the siphon or marking tube. 

11. The combination, substantially as before set forth, of the 
motor and the paper-drawing gear by hanging pulleys so as to di- 
minish vibrations. 

12. The combination, substantially as before set forth, of the 
paper-drawing rollers with a pendulum, so as to control the speed 
of the former. 

13. The combination and arrangement, substantially as before 
set forth, of the paper-moving mechanism, the chronometer mech- 
anism, and the types of the latter, so that the time is recorded upon 
the signal-receiving paper. 

14. The combination, substantially as before set forth, of the 
electrified conductor with the siphon or marking tube by an adjust- 
able inductor of very high resistance, whereby any excess of elec- 
tricity may be drained off. 

15. The combination, substantially as before set forth, of the 
suspended signal coil, the magnet, the inductor, and a dry pile to 
initiate the electrification of the inductor. 

16. The arrangement, in the same machine, of a single motor 
with the suspended signal coil, the siphon or marking tube, the 
mechanism for moving the receiving paper, and the mechanism for 
moving the punched paper, so that the same motive power which 
produces the electric sparks is employed to move forward the re- 
ceiving paper and the punched paper for sending signals. 

17. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal 
transmitting mechanism, and the paper moving mechanism, so that 
the same strip of paper may be employed both to receive and to 
transmit the signals. 

18. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal- 
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7. The combination, substantially as before set forth, of the 
working arm of the marking tube with a stay for stiffening it. 

8. The combination, substantially as before set forth, of the mark- 
ing tube with a counterpoise to diminish vibrations. 

9. The method, as before set forth, of preventing an accumula- 
tion of ink at the point of the marking tube when signals are not 
being received, by traversing the paper slowly past the said point 
at such times. 

10. The combination, substantially as before set forth, of the 
plate connected with the earth, the insulated plate, the contact 
springs, the revolving carriers and the siphon or marking tube. 

11. The combination, substantially as before set forth, of the 
motor and the paper-drawing gear by hanging pulleys so as to di- 
minish vibrations. 

12. The combination, substantially as before set forth, of the 
paper-drawing rollers with a pendulum, so as to control the speed 
of the former. 

13. The combination and arrangement, substantially as before 
set forth, of the paper-moving mechanism, the chronometer mech- 
anism, and the types of the latter, so that the time is recorded upon 
the signal-receiving paper 

14. The combination, substantially as before set forth, of the 
electrified conductor with the siphon or marking tube by an adjust- 
able inductor of very high resistance, whereby any excess of elec- 
tricity may be drained off. 

15. The combination, substantially as before set forth, of the 
suspended signal coil, the magnet, the inductor, and a dry pile to 
initiate the electrification of the inductor. 

16. The arrangement, in the same machine, of a single motor 
with the suspended signal coil, the siphon or marking tube, the 
mechanism for moving the receiving paper, and the mechanism for 
moving the punched paper, so that the same motive power which 
produces the electric sparks is employed to move forward the re- 
ceiving paper and the punched paper for sending signals. 

17. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal 
transmitting mechanism, and the paper moving mechanism, so that 
the same strip of paper may be employed both to receive and to 
transmit the signals. 

18. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal- 
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transmitting mechanism, the paper-moving mechanism, and the 
switch and shunt, so that the same paper may be employed to re- 
cord both signals transmitted and signals received. 

19. The combination and arrangement, substantially as before 
set forth, of the suspended signal coil, the siphon or marking tube, 
the inductor, the two constant springs for giving positive and nega- 
tive signals, and the switch, so that, in a machine producing marks 


by the operation of a suspended coil, positive and negative signals 


may be given by two contact springs only. 
WILLIAM THOMSON. 
Witnesses: 
JOHN DuNcAN, 
45 West George street, Glasgow, 
Clerk at Law. 
Duncan McINTYyRE, 
45 West George street, Glasgow, 


Clerk at Law. 
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ALFRED G. HoLcoms, oF New York, N. Y. 


Improved Electric Magnet. 


Specification forming part of Letters Patent No. 32,478, dated June 
4, 1861. 


Zo all whom wt may concern: 


Be it known that I, Alfred G. Holcomb, of the City, County and 
State of New York, have invented certain new and useful improve- 
ments in Electric Magnets, and I do hereby declare that the follow- 
ing is a full, clear and exact description of the same, reference being 
had to the accompanying drawings, making part of this specifica- 


tion, in which 
Figure 1 is a perspective view cf a relay magnet, embodying my 


improvements. Figure 2 is a perspective view of a permanent mag- 
net hereinafter described. .. 
Similar letters of reference indicate corresponding parts in both 
figures. 
My invention consists, first,in a peculiar manner of applying in- 
duced magnetism from a permanent magnet in conjunction with elec- 
tro-magnetism, as hereinafter explained. Second, in a peculiar con- 
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struction and arrangement of the permanent magnet in connection 
with the electro-magnet. Third, in a device for supporting and ad- 
justing the armature. Fourth, in an improved device for adjusting 
the armature spring. 
To enable others skilled in the art to make and use my inven- 
tion, I will proceed to describe its construction and operation. 
A A’ represent helices of common construction provided with 
soft metal cores, a a’. 
B is a permanent horse-shoe magnet placed horizontally beneath Bs, 
the helices and turned up vertically in the rear, its poles 6 0’ being 
connected with the rear ends of the respective cores a a’. 
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C is the armature, supported upon points in cupbearings upon a 
slide, D, which by means of an insulated set screw, ¢, may be 
moved toward or from the cores a a. 

The armature spring consists of a straight steel wire, E, stretched 
between a loose nut, 7, upon a screw-shaft, F, and a tightening 
shaft, G, a threaded shaft, F’, being placed near the shaft G to 
hold the wire and adjust its position. 

cis the armature lever. 

2 is the insulating point and 7 the platina point for closing the 
circuit. 

The magnetism induced in the cores by the permanent magnet 
B operates in combination with the electro-magnetism, and by this 
means a magnetic force is developed greatly in excess of the sum of 
the forces of the induced and electro-magnetism when used sepa- 
rately. Iam thus enabled, without increased expense or chemical 
action in the battery, to exert a greater force upon the armature 
than is possible without the combination of the permanent magnet. 
The length of the coil may be thus produced and the armature may 
be worked successfully at a greater distance from the cores. Re- 
ducing the length of the coils lessens the resistance to the passage 
of the electric current, and removing the armatures farther from 
the cores removes the necessity of frequent and delicate adjustment 
of the armature or spring. By placing the permanent magnet in a 
position parallel with the axes and near the periphery of the helices 
it is influenced by the electric current passing through the latter 
and by this means the power of the induced magnetism in the cores 
is increased. 

In working the instrument the tension of the spring is adjusted 
so as to overcome the power of the induced magnetism from the 
permanent steel magnet, thus holding the armature it eguilibrio 
while the battery is disconnected. 

In the illustration here given my invention is represented as ap- 
plied to the electrio-magnetic telegraph; but it is equally applica- 
ble to other uses of the electro-magnet. 

I am aware that a permanent magnet has previously been com- 
bined with an electro-magnet, and do not, therefore desire to be 
understood as claiming the said combination, broadly, without ref- 
erence to the particular manner and ovject of its use by me; but 

What I do claim as new and of my invention herein, and desire 
to secure by letters patent, is, 

1. Combining with the positive or attractive force of the electro- 
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magnet that of a permanent steel magnet placed at or near the end 
of the core or cores of the electro-magnet opposite to that of the 
armature. 

2. The use of a permanent steel magnet connected with the rear 


end of the core or cores of the electro-magnet and carried round in 
a position parallel, or nearly so, with the periphery of the helix or 


helices. 

3. 'The combination, with the armature C, of the adjustable slide 
D and set screw ¢, in the manner and for the purposes set forth. 

4. The adjusting screws F F’, or either of them when used in 
the described combination, with the stretched wire spring E, of the 
armature, for the purpose explained. 

A. G. HOoLcompe. 
Witnesses : 
Octavius KNIGHT, 
JAMES H. GRIDLEY. 
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‘‘ IMPROVEMENT IN MAGNETS.” 


(No. 61.) Defendants’ Exhibit, ‘“ Improvement /. 
Magnets.” From “The Scientific American,” 
October 20, 1860, Vol. III., No. 17, New Series, 
page 264. 


J. A W., Sp. Ex. 


[Introduced in Record, p. 14.) 


IMPROVEMENT IN EnLectrro-MAGNETS. 


The practical working of the electric telegraph has caused a 
very Wide diffusion of a knowledge of electricity and magnetism 
among our people, and the hope of making valuable inventions in 
this department of the arts has led to an intense study of the vari- 
ous phenomena of these forces. We have already described a 
number of inventions in telegraphing, and the field seems to be 
just fairly opening before our inventors. The invention which we 
here illustrate does not relate to the details of telegraphing, but is 
an improvement in the electro-magnet for whatever purpose used. 

A permanent steel magnet, C, has connected with its two poles, 
A and B, the soft iron cores of two helices, D and E. In front of 
the poles of these cores is placed the armature, F, to which is 
attached the straight steel wire, 7, operating as a spring bv being 
drawn a little from a straight line between the two points to which 
the ends are fastened. 

Supposing the magnet is to be used as a relay magnet 
in telegraphing, the spring is so strained that it will just 
balance the power induced in the cores by the permanent 
magnet, in which case the platinum point at the lever 4, to which 
the armature is attached, will be neither fully in contact with the 
corresponding point on the standard I, nor yet so far removed fiom 
it as to entirely break the local circuit. Now, if the electricity be 
so passed through the helices D and E, so as to add its force to the 
influence of the permanent magnet, the magnetism of the cores will 
.be so increased that they will draw the armature forward, thus com- 
‘pletely and certainly breaking the local circuit. Then, if the current 
be reversed, so as to counteract the influence of the permanent 
magnet on the soft iron cores, the power of the spring will draw 
back the armature, effectually closing the local circuit. It will be 
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seen that this arrangement permits the employment of a spring 
twice as powerful as ifno permanent magnet were used, or it enables 
a spring of given power to operate with a current of half the force. 

The inventor says this magnet has been thoroughly tested for 
telegraphing, and found practicable, and that it can be easily applied 
to every kind of teiegraph instruments. 

A patent for this invention was granted on the 15th day of May, 
1860, and further information in relation to the matter may be ob- 
tained by addressing the inventor, Alfred G. Holcomb, of this city. 

Mr. Holeomb informs us that, to measure the increase of attract- 
ive power produced in the soft iron cores of the helices by the 
combination of the steel magnet and the battery, he arranged a del- 
icate lever, like a steelyard, to draw away the armature from the 
ends of the cores by means of a weight, and obtained the following 
very singular results, showing that the power of the cores under the 
combined action of the battery and permanent magnet was greater 
than the sum of its powers under the influence of the two separate. 
In the table below the first column shows the power of the cores 
when subjected to the battery alone, with currents of varying force ; 
the second column its constant power under the influence of the 
steel magnet alone ;.the third column, the power when both were 
combined, and the fourth column the difference between the third 
and the sum of the first two. The close relation between the first 
and the fourth is very curious. The numbers are units of the weight 


used : 
Power Power Excess of 
Battery from steel from both combined power 
power. magnet. combined. over both separate. 
5 20 OU 05 
7 20 o4 O7 
10 20 oY O09 
17 20 52 15 
20 20 58 18 
24 20 62 18 


b. 


NAVY \ 
\W \W (Wy | MW — fl, NAN 


106 11 
/ f . i j 
ay ‘ala \ val PAYAVAV AYA WW" I 
13 14 fo 
Vi Mn y\ [MV 
AVAVAPAVAT MA MY vy 
16 17 
iv in M M 
" iy J \J J J NY W \. N W W’ " 


BLAKE'S COMPOUND HARMONIC CURVES. 541 45 
ry i“ 


[No. 62.| Defendants’ Exhibit, Prof. Blake’s Com 
pound Harmonic Curves. 


[Introduced in Case, p. 303. ] 


J. A. W., Sp. Examiner. 


‘¢ SPECIMENS OF THE CURVES DRAWN BY THE MACHINE ARE GIVEN 
: IN PLATE 2. 


Nos. 1 to 8 (inclusive) are combinations of the first four terms of 


the Harmonic Series: 


Ge ies ol irene ta ee eens 33:32:48 
A ee 1 4 24 } 


No. 1. All four tones in the same phase when starting. 


a q . . ¢ 
«2. Tone 1 advanced + vibration , 
6é 3 cé 9 c¢ ‘<3 cé ¢é 
éé 4 éé 3 és &é cc ‘a; 
c¢ 5. ¢¢ 4 ‘é é¢ ¢é ¢é 
éé 5a. 6c 1 ¢é 4 ¢ é¢ 
cc 6 é¢ 9 c¢ ¢é cé cé 
c¢ °7 ce 3 éé cé ¢é éé 

e 
cc 8 ce 4 ce éé c<¢ ce 


Nos. 9 to 18 (inclusive) are combinations of the first three odd 


terms of the Harmonic Series: 


- a a We i 6. kk nad newdeie kaedens ‘oan BD 
ee 1 } ¢ 


No. 9. All three tones in the same phase when starting. 
“ 10. Tone 1 advanced } vibration " 


c¢ é¢ cé ¢é 1 c¢ ce 
5s. 4 

cé 12 <3 ¢é cé 3 cé ¢¢ 
i id & 

‘ *) é ce ¢ 

c¢ 13. cc 3 ¢ 1 é 

cc ce cé é¢ 1 é¢ é 
14. 4 

ce = ¢é c¢ cé 3 ce cé 
15. ® 

ée¢ » cc = .¢ cé <4 
16. D ‘ 1. 

c< 7 ¢ 6 ¢ 1 ¢¢ ¢ 
we | 

cc 18. ‘é c<é e4 3 cé éé 
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Nos. 19 and 20 are combinations from the Diatonic Scale. 
19 shows the Common Chord, Major : 


Ratios of Vibration 


No. 20 shows the Common Chord, J/inor: 


Rat t Ss ot Vibratic nN 


In both, the intensities of the component tones are equal, and 
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their phases at starting identical 


HOLCOMB AFFIDAVIT. 543 


' 


(No. 63.) Complainants’ Exhibit, Holcomb Affidavit 


J. A. W., Sp. Ex’r. 
(Introduced June 2, 1884. | 


UNITED STATES CIRCUIT COURT, 


District oF New JERSEY. 


] 


AMERICAN BELL TELEPHONE COMPANY 
ET AL. 


AGAINST 


JOHN J. GHEGAN. © | 


Unirep STATES OF AMERICA, 
Southern District of New York, >ss.: 

City and County of New York, 4 

ALFRED G. Honcoms, being duly sworn, deposes and says: 

_ L reside in the City of New York, and am about fifty-two years 
of age. Jam an electrician, and am at present connected with The 
Standard Electric Light Company. I have made the subject of 
electricity a special study for the last thirty years, and have also 
given considerable attention to the subject of sound in its various 
applications. 

_ [ have made several inventions relating to electrical subjects, for 
which I have obtained letters patent. [am also familiar with tke 
action of the various telephonic apparatus which have been invented 
and put into use during the past few years. 

In the winter of 1859-60, I invented a polarized ele ctro-magnet, 
consisting of a compound permanent U magnet, having its polar ex- 
tremities bent laterally at right angles, each pole having a soft iron 
pole extension, surrounded by a helix of fine insulated wire. The 
said polar extensions and helices projected at right angles from the 
polar extremities, and were parallel with the body of the compound 
magnet. This magnet is an extremely sensitive one, and is capable 
of receiving articulate speech, as deposed by Mr. George M. Hop- 
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.\kins in this suit. It was patented in the United States on the 15th 


day of May, 1860, and a description of it was published in the 
“Scientific American,” a newspaper printed in the City of New 
York, on or about October 20th, 1860. 

About the time I procured said patent I conceived the idea. of 
converting the force of the human voice into electricity. This idea 
occurred to me while reading ‘‘ Farraday’s Researches ” at the Astor 
Library, in New York City. 

Early in the fall of 1860 I constructed a telephone consisting of 
one of my polarized magnets, which I have above described, a 
wooden diaphragm mounted on a box or mouth-piece, and a U-shaped 
soft iron armature attached to the said wooden diaphragm, and ex- 
tending towards, and in proximity to, the ends of the polar exten- 
sions of the before-mentioned polarized magnet, but not touching 
them. 

The diaphragm box and the polarized magnet were secured to 
and held in their relative positions by a base common to both. 
One of the instruments so constructed by me is shown 'n a drawing 
which I have marked for identification, ‘‘ Deft.’s Ex. B.” Soon after 
completing this instrument I made a duplicate of it, and connected 
the helices of both of the polarized magnets in a complete or closed 
electrical circuit, and while;listening at one of the instruments I was 
able to hear and recognize articulate words spoken into the mouth- 
piece of the other instrument by other persons. I so used these 
instruments on several occasions. I showed the said instruments to 
several persons, and now have in my possession the essential parts 
of one of my first telephones. These instruments, at or about the 
time of their construction, and subsequently thereto, were used by 
me at my residence in Fifteenth street, in the City of New York, and 
were also operated at other places in said city. I intended to further 
jmprove my telephone, which then embodied all the essential fea- 
tures of the present magneto telephone, but was prevented from so 
doing owing to a lack of financial aid and the necessity of devoting 
my time to such pursuits as would bring in ready money. Although 
[ was diligent in my eiforts to obtain the aid and assistance of cap- 
italists, L was unable to interest them in my invention. Had I pro- 
cured the necessary financial assistance I should have filed at an 
early date applications for letters patent, which would have fully 
covered my telephonic inventions. However, I was not able to 
make application for a patent until January, 1878. 

This application was subsequently put in interference with the 
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early so-called Telephone Patents of A. C. Bell, and with the appl 
cations of several other parties, which interference is still pending 
before the Patent Office. I filed my preliminary statement in due ~ 
time, and made arrangements for the taking of my testimony, but 
was finally unable to do so on account of a lack of funds. 

Had I obtained the necessary assistance to properly contest my 
right to a patent, it is my firm belief that I should have obtained a 
erant of letters patent, covering the subject matter involved in 
the various interferences, to which I was a party, and fully estab- 
lished my claim to prior inventorship of the speaking telephone. 
The statements aforesaid, as to my telephonic inventions, can be 
corroborated by other persons who were cognizant of the facts. 

, Ihave examined the Letters Patent No. 174,465, and 186,787, 
cranted to A. G. Bell for improvements in telegraphly, and I believe 
i understand the construction and mode of operation of the so-called 
Bell Telephone therein described and set forth, and I am _ of the 
opinion that there is no essential feature in the said Bell instrument 
that was not contained in my telephone made in 1860. 

+ J am also of the opinion that the method of transmitting speech, 
so used by Bell, is the same as the method employed by me for the 
same purpose in 1860. 
| ALFRED G. HOLCOMB. 
Subscribed and sworn to 

before me, this Ist day 
of July, A. D. 1882. ¢ 
[SEAL. | Epwarp Kent, JR., 
Notary Publie, 
Kings Co. 


Certificate filed in N. Y. Co. 
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(No. 64.) Complainants’ Exhibit, Van der Weyde 
* Tribune” Article of January Sth, 1869. 


J. A. W., Special Examiner. 


[Introduced in Case, p. 25.] 


‘New York Daily Tribune,” Volume XXVIII, Number 8659, Janu- 
ary 8th, 1869. 
“ POLYTECHNIC CLUB. 


At the regular meeting of the Polytechnic Branch of the Ameri- 
can Institute, held last evening, at their room, No. 24 Cooper In- 
stitute, after the reading of a number of scientific notes by the Pres- 
ident, Prof. Tilman, Dr. Van der Weyde explained the construction 
and operation of the telephone, a recent German invention for 
transmitting sounds by means of electricity. The operation of the 
apparatus depends upon the principle that a metallic bar becomes 
lengthened by being surrounded by a current of electricity, and re- 
turns to its original length when the current ceases to flow around 
it. The sounder in this instrument consists of a small iron rod en- 
veloped in a coil of insulated wire. An electric current passed 
through the coil causes the inclosed rod to lengthen and its end to 
strike against a brass plate, producing a vibration of the plate. 

In another room was placed the transmitting instrument, which 
consists of a small wooden box with a pole (hole? D. B. C.) in the 
top, closed by a piece of bladder or parchment; to this bladder is 
attached a metallic point connected with one of the wires leading to 
an electric battery, and immediately opposite to and almost in con- 
tact with another metallic point fixed to the bottom of the box, and 
connecting with another wire of the battery; the slightest vibration 
of the diaphragm brings the two points in contact and completes 
the galvanic circuit, when the electricity instantly passes along the 
wire and through the coil, causing the inclosed bar to expand and 
strike the brass plate. As the tone of any sound is determined by the 
rapidity of the vibrations which it causes in the air, it is claimed 
that by projecting into the above described box a musical note, the 
vibrations of the air will be communicated to the elastic diaphragm, 
causing an equal number of contacts of the metallic points, and 
consequently of electric passages through the wire coil. The in- 
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closed bar expands with each passage of the electric current, strik- 
ing the plate and communicating to it the same number of vibra- 
tions as are received by the membrane of the sounding box. In the 
experiments tried at the meeting last evening a person sang into 
the box in one room, and the result was a succession of correspond- 
ing tones from the iron plates of the sounding instrument in another 
room. The sounds produced were very faint and low, requiring the 
ar to be held close to the sounding plate in order to distinguish 
them. The demonstration was considered as hardly satisfactory, 
although the experiments excited a good deal of interest, and sev- 
eral of the scientific men present seemed to think that the idea 
might be the germ of important results in the future. 

The meeting adjourned to next Thursday evening at the same 
place. 


eel 


548 DEFENDANTS’ EXHIBITS. 


(No. 65.) -Complainants’ Exhibit, Van der Weyde 
Polytechnic Record. 


J. A. W., Special Examiner. 


[Introduced in Case, p. 35. | 


THe TELEPHONE. 


Dr. Van der Weyde exhibited a “telephone,” invented by Mr. 
Kirpath, of Troy, N. Y., by which musical sounds may be trans- 
mitted. <A cylindrical box, over one end of which a diaphragm of 
bladder was stretched, was provided with a speaking tube. In the 
centre of the diaphragm was placed a small piece of platinum. This 
platinum was in full connection with one pole of a galvanic battery, 
by means of a wire attached thereto. The other pole of the bat- 
tery connected with a point which was placed above the piece of 
platinum, almost, but not fully, in contact with it. When a sound 
was made in the tube the vibrations of the diaphragm brought the 
piece of platinum in contact with the point as many times as_ there 
are undulations necessary to produce that sound. This instrument 
was connected with a straight-bar electro-magnet. When the con- 
nection with the battery was made the magnet lengthened, and 
when it was broken the bar returned to its original leneth. <As this 
took place, for every vibration of the diaphragm there was a corres- 
ponding vibration in the sounding-board on which the magnet was 
placed, giving a tone which corresponded to the one originally 
sounded. 

After the examination of this interesting apparatus the meeting 
adjourned for one week. 
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(No. 66.) Complainants’ Exhibit, Van der Weyde 
Affidavit. 


J. A. W., Sp. Examiner. 


[Introduced in Case, p. 39.] 


STATE, Ciry AND County OF NEw York, ss.: 

Peter H. Van per WEyYDE, of said city, being duly sworn, saith as 
follows: 

My name is Peter H. Van der Weyde; age sixty-seven years ; 
residence Brooklyn, N. Y. I was formerly Professor of Physics and 
Chemistry at Girard College, at the Cooper Institute, New York, 
and in the New York Medical College. I was also, in 1869, and sub- 
sequently, editor of the ‘ Manufacturer and Builder.’ and am now 
editor of the “ Practical American.” I was at one time connected 
with the “ Scientific American,” in an editorial capacity. 

My attention was directed in 1867 to the electrical transmission 
of sound, and particularly to that form of apparatus in which the 
voice of the speaker actuated the transmitter. I became familiar 
with the “ Reis Telephone,” constructed one and publicly exhibited 
it at the American Institute, with some improvements of my own, 
and on two occasions explained them to the American Association 
for the Advancement of Science at two annual ineetings. 

T think that I was, and down to the time of Mr. Bell’s patent 
174,465, March 7, 1876, continued to be familiar with all that was 
publicly known on the subject. Ihave reason to believe that the 
instruments I constructed were the most perfect known before Mr. 
Bell’s patent, in which any sound was produced at a distant station 
by the voice of the speaker at the transmitting station. jut neither 
the instruments then made, nor any others that were known before 
Mr. Bell’s invention, were capable of transmitting articulate speech. 
My opinion on this subject is best shown by an article’ which I wrote 
-and published in 1869 in the “ Manufacturer and Builder” for May, 
1869, Vol. I, page 129. 
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From this article I make the following extract : 

“Tt is clear from the foregoing explanations that no quality of 
tone can be transmitted, much less can articulate words be sent, 
notwithstanding the enthusiastic predictions of some persons who, 
when they first beheld this apparatus in operation, exclaimed that 
now we would talk directly through the wire. It is from its nature 
able to transmit only pitch and rhythm, consequently melody, and 
nothing more. 

‘No harmony, nor different degrees of strength, or other quali- 
ties of tone can be transmitted ; the receiving instrument, in fact, 
sings the melodies transmitted, as it were, with its own voice, re- 
cardless of the quality of the tone which produces the original tune 
at the other end of the wire.” : 

The opinion then expressed was not only my opimion but was 
the opinion of the scientific world. The discussions and conversa- 
tions which ensued upon the reading of my two papers before the 
American Association, left me in no doubt as to the opinions of 
men most qualified to judge; for it was recognized that the 
method and mode of operation of the Reis apparatus was such 
that not only it did not transmit speech, but that speech could 
not be transmitted by the method according to which that apparatus 
operated. 

[ ought to explain that the inability of the Reis apparatus to 
transmit the feature of strength as well as pitch, did not merely dis- 
able it from indicating, whether the person at the transmitting end 
sang loudly or gently; it disabled it from transmitting gwality of 
tune, upon which articulation depends, and made the sound pro- 
duced at the receiving end regardless of the guality of the tone at 
the transmitting end. It operated by making and breaking the cir- 
cuit, and any apparatus having this mode of operation was inher- 
ently incapable of transmitting articulate sounds, because it could 
not take note of the element of strength, and of the partial tones 
which constitute articulation, according to the well-known theory 
of Helmoltz. It takes note of and reproduces the pitch, which, as 
Helmoltz says, “ depends sole ly on the I ngth of time i which each 
single vibration ts executed, or, Which comes to the same thing, on the 
mibrational number of the tone. 

“We are accustomed to take the second of time as the unit, and 
consequently mean by evhrational number the number of vibrations 
which the particles of a sounding body perform in one second of 
time.” On the other hand, Helmoltz says, “ that the quality of 
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tones should depend upon the manner in which the motion is per- 
formed within the period of each single vibration;’ in other words, 
he says that “ every different quality of tone requires a different 
form of vibration.” He proceeds to show that gva/ity of sound de- 
pends upon the existence and the loudness of the upper partial 
tones which are present as part of it, and adds, that “ the existence 
and loudness of the upper partial tones which accompany the prime 
depend also on the vibrational form.” 

Near the close of his investigation, he says: ‘ Hence we are 
able to lay down the important law that differences in musical qual- 
ity of tone depend solely on the presence and strength of partial 
tonés.” The controlling effect of differences of strength of the up- 


per partials or guality—and articulation is merely a guality of 


sound, though perhaps, of the most complicated character—is strik- 
ingly and correctly stated in Mayer on Sound, page 149: 

| “ This fact proves that the quality of a sound does not depend 

alone on the number of the single harmonic sounds which compose 

it, but also on their relative intensities. 

It can, indeed, be shown by calculation that, if the compound 
sound be formed of six single harmonic sounds, you can, by giving 
to each harmonic only two «different degrees of intensity, form by 
their various combinations upwards of four hundred different qual- 
ties of sound ; and with four different, degrees of intensity allowed 
to each of the six harmonics, their combination can produce over 
eight thousand different qualities of sound. Thus you see, how 
varied may be the qualities of sounds even when they contain the 
salve simple sounds.” 

After my attention had been called to apparatus exhibited by Mr. 
Elisha Gray (which was not at all a speaking telephone, but was a 
circult-breaking musical telephone, having essentially the mode of 
operation of the Reis apparatus, and, therefore, like it incapable of 
transmitting speech), [ wrote another article on telophones in the 
“ Scientific American ” of March 4, 1876, in which L referred to Mr. 
Gray, and also re-described the Reis apparatus. But I was well 
aware at that time, that no instrument was publicly known which 
was not inherently incapable of transmitting articulate speech. 
This article was published three days before the date of Mr. Bell's 
sald patent. 

I have read Mr. Bell’s said Patent 174,465, of March 7, 1876, and 
understand it. The apparatus there shown I believe to be new, but 
the invention therein described consists chiefly in the introduction 
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“ and use of an entirely new method and mode of operation. This I 
believe to be the opinion of the scientific world. 
(Signed) P. H. VAN DER WEYDE. 


Sworn to before me, 
August 9, 1880. 
(Signed) PuHILip JORDAN, 

[NOTARIAL SEAL. | Notary Public, N. Y. Co. 


TNITED STATES OF AMERICA, : 
Southern District of New York, ” 

I, Trmorny GrirrirH, Clerk of the Cireuit Court of the United 
States for the Southern District of New York, do hereby certify that 
the foregoing printed paper is a true and correct copy of an affidavit 
used upon a motion for a preliminary injunction in the suit of 
The American Bell Telephone Company et a/. vs. The People’s Tele- 
phone Company e¢ a/, now on file and remaining of record in my 
office. 

In witness whereof, I have subscribed my name and have 
caused the seal of said Court to be hereunto af- 
fixed, this twentieth day of March, in the year of 

[SEAL. | our Lord, one thousand eight hundred and 
eighty-four, and of the Independence of the 
United States of America the one hundreth and 
eighth. 
TIMOTHY GRIFFITH, 
Clerk. 
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(No. 67.) Defendants’ Exhibit, Smithsonian Insti-| 


tute, No. 1. 
J. A. W., Special Examiner. 


[Introduced in Case, p. 44.] 


SMITHSONIAN INSTITUTION, ? 
Wasuinaton, D. C., August 8, 1874. 4 

Dear Sir—I write to request that you will send us a part of the 
acoustic apparatus ordered last year, to the amount of, say, 3,000 
francs. 

Among the instruments, I wish especially to have the “Grande 
Souftlerie No. 75.” I leave the selection of the other articles to your- 
self. You have an account of what I purchased from you in 1870, dur- 
ing the war. 

I have made a series of experiments on fog signals and find the 


siren trumpet to be, by far, the most powerful. It was with one of 


these instruments that Prot. Tyndall made his experiments, and which 
he found to be superior in penetrating power to an 18-pounder can- 
non. 

You will please deliver the apparatus when completed to G. Bos- 
sange & Co., 16 Rue du 4 Septembre, and send us the bill and we 
will remit the money as early as lst of January, when our interest 
becomes due. | 

Yours truly, 

JOSEPH HENRY, 
Secy. Smith. Institu. 
Mr. RvupoitpH KO6eEnIe, : 
30 Rue Hautefeuille, 
Paris. 
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(No. 68.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 2. 


J. A. W., Special Examiner. 


[Introduced in Case, p. 44. | 


Paris, October 12, 1874. 
Pror. Henry, «c.: 

Sir—lI have the honor to enclose herewith an invoice of the in- 
struments which, according to your order, I delivered to Mr. Bos- 
sange, October 9. You will find in the box of tuning forks in No. 
30c (or 218a@) a screw on which is a little disc of platinum and a small 
piece with a platinum wire. The first is intended to be substituted 
for the cup of mercury and the latter to be put in place of the cir- 
cuit breaker on the tine of the tuning fork when it is desired to break 
the electric circuits by dry contact. 

I have also a remark to make in regard to the 8 rectangular pipes 
in No. 99. After making them with extreme accuracy, I found that 
they, like all organ pipes, exactly follow the law according to which 
theoretical half-wave of its fundamental is equal to the length of the 
pipe plus twice its depth, and that the pretended law according to 
which ‘ rectangular stopped pipes have the same sound whatever 
their breadth, if the product of the height by the depth is the same,” 
is erroneous. In fact, the eight pipes of the series made so that the 
products of the ledgth by the depth should be the same, have the 
lengths 4’, 4’, 5”, 5’, 14’, 6, 7 2”, 9’, 12’, 18’; the depths, 9’, 8’, 7, 6, 
a ff Fl A 

2 9 4=22, 2 8 45= 20", 2 6 6 = #'YI18.z 

2 4 9=17, 2 2 18 =2 2 FT 614= 19.14, 

2 8 @2=—-172, 2 38 12= 18. 
and the sounds of the pipes correspond to these wave lengths and 
are not in unison. You see that the wave lengths for the four pipes 
which have the depths 6’ 5’ 4’ and 3’ are not very different; those 
pipes almost sound in unison, and it was evidently that fact which 
deceived Lavart, who did not know the general law. 

Accept, &e., 
(Signed) R. K6EnIG. 
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Delivered for the Smithsonian Institution at W ashington by 
Mr. Rudolph Koenig, of Paris, 30 Rue Hautefeuille. 
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From Catalogue du Materiel Scientifique, of Rudolph Kéenig, 
Aout 1872 (page 28). 
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Telephony, that is, sound transmitting, is the name which that 
excellent physicist Mr. Reis, teacher at Fredericksdorf, gives his 
invention which is creating a sensation, and which is intended to 
use the telegraph wires for the transmission of actually audible 
sounds, Our readers will probably remember having heard long ago 
of this invention, with which Mr. Reis made his first experiments 
before the physical society in this city. Since then it has been in a 
continual process of improvement and will doubtless become of 
oreat importance. 

Next Sunday, May 11, at 11 A. M., Mr. Reis will exhibit it at 
the regular session of the free German High School in the new hall. 
The necessary apparatus will be furnished with friendly willingness 
by Professor Bottger. We do not neglect to call the attendance of 
the readers of “ Didaskalia” to this interesting session as the 


society admits also persons who are not members. 
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FRANKFORT, May 12th, 1862. 


Yesterday’s regular meeting of the free. German High School 
was very largely attended, as the subject for the day, telephony by 
means of the galvanic current, discussed by the inventor Mr. Philip 
Reis, is of great interest and rightfully merits the most general 
attention. In a highly pleasing and very intelligible as well as 
clear and precise discourse Mr. Reis gave a historical sketch of 
the original development of his conception of the practical pos- 
sibility of transmitting sounds by means of galvanism. 

His first experiments failed, mainly by the consideration of 
the cardinal question put by himself: How is it possible for one 
single instrument to reproduce the combined action of all the 
organs brought into activity by human speech, until it occurred 
to him to solve the problem by a consideration of the following 
questions: How does our ear receive the resultant of the vibra- 
tions of all the organs of speech in activity at once? How do 
we observe the vibrations of several simultaneously sounding 
bodies? To solve this question the lecturer went into an explan- 
ation of the anatomy of the ear and the theory of the produc- 
tion of sounds in general, and firmly basing his theories upon 
these considerations he again took up his experiments in trans- 
mitting sounds by means of galvanism. 

Mr. Reis then constructed on an enlarged scale a model of 
those organs of the ear which are concerned in the sense of 
hearing, and after numerous unsuccessful experiments he was 
at length enabled to transmit sounds which were received in 
this mechanical imitation of the ear. In the experiments made 
by him a few months’ ago at the Physical Society, the sounds 
were, to the surprise of all, exceedingly clear and distinct, while 
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the experiments following yesterday’s lecture were less successful,~ 
owing mainly to the imperfect laying of the wires which in turn 
was caused by the unsuitable locality. 

Although much yet remains to be done for a practical devel- 
opment of the telephone, by it a new and interesting field of 


labor has been opened to the physicist. 
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TELEPHONY. 


It sounds more than wonderful when the possibility is asserted 
of carrying on a conversation with another person at a distance of 
hundreds of miles through the electric telegraph wire, so that he 
can hear with his bodily ear our voice with all its peculiarities, that 
he should hear the melody we are singing and that he should feel 
when we laugh, precisely as if he was standing alongside of us. 
But this possibility has, to a certain degree, already become to be a 
fact. 

die The master teacher Reis, in Franfurt on the Main, had the good 
idea to make of the electro-magnectic telegraph, ‘which has hitherto 
been an eye reaching over many lands,” an ear which should reach 
full as far. 

In this strange organ of hearing the electro-magnetic apparatus 
takes the part of those bones of the ear which carry the commotion 
from one membrane to another, and the only difference between the 
‘avity of the ear and the union of two such stations is, that in one 
sase we are made sensible of the striking of the sound waves against 
the ear drum by means of a lever, and in the other by means of the 
commotion of an iron rod. 

Figure 417 shows us Reis’s telephone, which has the following 
construction. 

At the first station I there is a hollow box with a sound receiver 
A in front, into this sound receiver you sing the melody which you 
wish your distant hearer to hear. On top of the box there is an 
opening tightly covered with a membrane 7 of swinegut. On top 
of this membrane there lies a very thin plate of platina p, which is 
touched by, the point of a pencil x, made of platina with a very 
sensitive spring. The point of this pencil is placed so that it will 
but just touch the plate » when the membrane is motionless, but 
leaves the same by each motion when the same swing to and fro. 
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This alternate touch and separation stops and starts the eléctric 
current which comes from the Bunsen battery (three to four ele- 
ments), and goes through the binding screws @ into the plate p, and 
out of that into the pencil 7, and to the second binding screw ?. 
From / the wire leads to the second station and around the spiral 
CC, and goes from there through the binding screw d and through 
the wire ¢ connected therewith back into the battery. In the centre 
of the spiral hes a small iron rod, fastened on both ends to the 
bridges 7.7, which rest on the sounding boardgg. The parts /, 7, /,/ 
in both stations belong to a telegraphic arrangement, by means of 
which the attention of the distant audience may be called to the 
beginning of a message. The reproduction of a sound depends now 
mainly upon the commotion of the iron rod which is magnetised by 
the electric current moving around the spiral. As insignificant each 
single movement of the smallest parts may appear, they are strong 
enough to give the sensation of a sound through their regular and 
quick repeating and the assistance of the sounding board. The 
continuation of the currents going through depends on the vibration 
of the membrane 7, in the first station, and consequently the sound 
reproduced in the second station must be in regard to its pitch in 
perfect accord with the sound sung into the sound receiver A. 

As early as October, 1861, Reis had made successful trials with 
his apparatus. A melody sung with a medium loud voice was re- 
produced perfectly at a distance of 100 metres. Although the 
problem of “ far-speaking ” may so far only be considered solved in 
theory, and the apparatus has not yet that perfection which would 
make it possible for a speaker to interest large gatherings at 
numerous distant parts of the earth, it is nevertheless interesting 
enough to be described in this place. 
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TELEPHONY. 


The immense velocity of transmission possessed by electricity 
directed attention as long ago as the middle of the last century 
as to the possibility of using this unknown force for sending 
messages with rapidity to a great distance, but not until within 
twenty years has telegraphy, by means of the galvanic current, 
come into practical use, and has now so far advanced that the 
telegraphic apparatus, animated by the galvanic current, commits 
the messages to paper. 

These surprising successes in the field of telegraphy have 
probably often pushed into the foreground the question of the 
possibility of the direct transmission of speech. Experiments in 
that direction, however, had not as yet shown any satisfactory | 
results, because the vibrations of sound quickly lose their inten- 
sity, through the media of transmission, to such an extent that 
they become indistinguishable to our senses. Probably some 
have thought of a reproduction of sounds by means of the gal- 
vanic current, but the very persons who would have been the 
most capable on account of their knowledge and resources, hesi- 
tated to undertake the solution of the problem, and were most 
skeptical as to its practicability. To those less acquainted with 
physics, the problem, when they understand it, appears less diffi- 
cult, because they do not foresee the difficulties. 

So had Reis at Fredrichsfeld, at Frankfurt a. M., about 
nine years ago, as he himself says, with much enthusiasm for 
the novelty, and with limited knowledge of physics, the audacity 
to attempt a solution of this problem, but was soon obliged to 
abandon it, because the first experiment convinced him of its 
impossibility. Later on, after further study, Reis could see 
that his first experiment was very crude and in no wise con- 
vineing. But he did not then take up the question again in 
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earnest, because he considered himself unequal to the task of 
overcoming the obstacles to be encountered on the way. But 
the impressions of youth are strong and not easily obliterated, 
and consequently Reis could not banish the impression produced 
by his first experiment, and, in spite of the oppositien of his judg- 
ment and half against his will, the project of his youth was taken 
up again at many a leisure hour, and the obstacles and the means 
of overcoming them balanced, but not as yet put to the test of 
experiment. How should one instrument reproduce the com- 
bined movements of all the organs brought into activity by hu- 
man speech? This was always the cardinal question. At last 
teis was struck with the idea of putting this question in a dif- 
ferent form, as: How does our ear perceive the total vibrations 
of all the organs of speech in activity at the same time? Or, 
taken more generally: How do we perceive the vibrations of 
various bodies sounding at the same time? To answer this ques- 
tion let us see what must be done in the first instance to perceive 
each separate sound. Without an ear each separate sound is 
nothing but the quick repeating (at least seven to eight times a sec- 
ond) of rarefactions and condensations of a body. If this happens 
in the same medium in which we ourselves are contained, the mem- 
brane of our ear will be forced into the cavity of the ear with each 
condensation, and by the following rarefaction will move in the op- 
posite direction. These vibrations cause the hammer to be litted 
from and dropped upon the anvil in the same measure of time, or, 
according to others, an approach and recession of the minute bone 
atoms of the ear and a corresponding number of vibrations of the 
cochlea substance or fluid in which the ends of the nerve of hearing 
are spread. 

The greater the condensation of ‘the sound-conducting medium 
at a given moment, and the longer the vibrating width of the mem- 
brane and the hammer, the stronger, consequently, will be the stroke 
on the anvil, and the vibration transmitted through the fluid to the 
nerves. According to this it 1s the office of the organs of hearing to 
carry every condensation or rarefaction which occurs in their sur- 
rounding medium with accuracy to the nerve of hearing, and the 
office of the nerve of hearing is to bring the vibrations of matter in 
a given time, as well by number as _ by size, to our consciousness. 
Not until now do certain combinations receive definite names. Not 
until now do certain vibrations become melodies or discords. What- 
ever comes to the sensibility of the nerve of hearing is, therefore, 
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merely the activity of a power brought to our consciousness, and 
this may be graphically illustrated by a curve, according to time and 
size, as in figure 1. The line «a 4 is to indicate any given 
time, and the curve above the line (x) condensation, the curve under 
the line (—) rarefaction. So each ordinate erected at the end of an 
abscissa shows us the strength of condensation at a given moment 
at the starting point, in consequence of which the membrane 
vibrates. Anything other than can be illustrated by similar curves 
our earis absolutely unable to perceive, and this is sufficient to 
bring every source and combination of sound clearly to our con- 
sciousness. When various sounds are created at the same time, the 
sound-conducting medium is under the influence of various simulta- 
neous forces, and the following two laws are imperative. If all the 
forces act in the same direction, the size of the wave is proportional 
to the total of the forces ; but if the forces act in opposite directions, 
the size of the wave is proportional to the difference of the opposed 
forces. 

If, for instance, we illustrate singly the condensation curves of 
three sounds, we can, by summing the ordinates of equal abscissae, 
designate new ordinates and establish a new curve, which we may 
call a combination curve ; and this will show us_ precisely what our 
ear perceives at the same time of the three combined sounds. That 
a musician would recognize again each separate sound is not to be 
wondered at more than the tact that one acquainted with the science 
of colors should readily discern in green the colors of blue and yel- 
low. The combination curves show these differences in a very 
limited degree, as in them reappear successively all the proportions 
of the components. In accords of more than three sounds it 1s cer- 
tainly not so easy to recognize the proportions in the drawing, but 
itis equally difficult for a good musician to distinguish in such 
accords each separate sound. 

From the above we can see that as soon as it shall be possible 
to create vibrations anywhere and in any manner whose curves are 
equal tg those of a certain sound or combination of sounds, we shall 
receive the same impression as the sound or combination of sounds 
would have produced. 

Placing himself upon these principles, Mr. Keis succeeded in 
constructing a very simple apparatus, as shown in figure 2, by the 
aid of which he is enabled to reproduce the sounds of various in- 
struments, and, to a certain degree, also the human voice. On the 
wooden cube (7, 8, t, “, v, w, x) is the cavity (a), closed on one side 
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by the membrane (4) of hog’s intestine, on the centre of which 
fastened a platina strip, which serves as conductor to the galvanic 
current. This is connected with the binding screw (/’). From the 
binding screw (7) another small metallic strip is placed over the 
centre of the membrane, and is connected with a platinum wire, 
which is placed at a right angle with the longitudinal axis and the 
broad side of the cube. From the binding screw (p) a conducting 
wire goes through the battery to a distant station, and ends there in 
a spiral of silk covered copper wire, which again leads back to the 
eonductor, which ends in the binding screw (7). The spiral at the 
distant station is fully six inches in length, and carries six layers of 
thin wire, and has in its centre, as a nucleus, a knitting kneedle, 
which protrudes on each end fully two inches. The spiral rests with 
the protruding ends of the wire on two bridges of a sounding board. 
Of course, the whole of this part can be replaced by any apparatus 
by which you can produce the well-known galvanic tones. If, now, 
sounds or combination of sounds are produced in the vicinity of this 
block, so that strong waves will enter the opening («), they will 
cause a vibration of the membrane (4)... With the first condensation 
the hammer-shaped wire (/) will be pushed back ; with the follow- 
ing rarefaction the wire cannot follow the retreating membrane, and 
the current which flows through the strip remains interrupted until 
the membrane is driven back by a new condensation, and presses 
the strip again from (7) to (7). Every wave of sound thus produces 
an opening and closing of the current. Every closing of the circuit 
causes the atoms of the needle, at the distant station, to repel each 
other and to seek again their natural position at every interruption 
of the current. As this occurs they make, in consequence of the 
alternate action of elasticity and inertia, a number of vibrations, and 
ceive the longitudinal sound of the wire. Such is the action when 
the opening and closing of the current is comparatively slew. If 
they occur faster than the oscillations of the iron red, which are de- 
pendent upon elasticity, are produced, if the fact that the atoms 
cannot describe their full course, their causes grow shorter as the 
interruptions grow faster, but still just as fast as these. The iron 
rod no longer gives its longitudinal sound, but a sound whose pitch 
agrees with the number of interruptions in a given time. All this 
means that the rod produces the sound that is transmitted to it 
through the interrupting apparatus. The strength of the sound, 
also, is in proportion to the original source, for the stronger the 
original sound, the stronger the vibration of the membrane, and the 
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greater the movement of the minute hammer the longer time the 
circuit remains closed ; and, consequently, the larger, to a certain 
degree, the movement of the atoms in the reproducing rod which we 
perceive as a longer vibration, Just as we should have perceived the 
original wave. 

As to the length of the conducting wire, it can be stretched as 
far as in telegraphy by the galvanic current. Reis has given this 
apparatus the name of telephone. 

In regard to what it is able to accomplish, it may be mentioned 
that Reis has been able, before a largely attended meeting of the 
Physical Society, at Frankfurt-A.-M., to produce audible melodies 
which were sung, not very loudly, into an apparatus placed in the 
closed room of a house three hundred feet distant, 

Other experiments have proved that the rod is able to reproduce 
triple sounds of a piano on which the telephone stands, Fig. 3, 

and finally that the same will reproduce the sounds 
of other instruments—such as the concertina, clarionette, horn, 
organ pipes, &c., provided the sounds belong to a certain range, 
say F to f. 

It is needless to mention that at all these experiments there was 
sufficient investigation to prevent a direct conduction of sound. 
This investigation can easily be made by a good interrupter—placed 
close to the coil, which of course stops the operation of the instru- 
ment for the time being. 

Up to this time it has been impossible to reproduce the sound 
of human speech im such a degree as to be perfectly audible to any 
one. The consonants were in most cases reproduced almost per- 
fectly, but not so the vowels; the cause of this may be found in the 
following, as has been ascertained by the experiments of Willis, 
Helmholz and others: Vocal sounds can be artificially produced by 
increasing the vibrations of a body at intervals through another 
body, as for mstance: An elastic spring is set in vibration by the 
stroke of a cog of a wheel; the first vibration is the largest, and 
every following one 1s smaller than its predecessor, Fig. 3. 

If, after a few vibrations of this kind, another stroke follows, 
before the spring comes to a rest, the next vibration will again be 
the largest, and so on. The height and depth of a sound depends 
upon the number of vibrations made in a given time, and the char- 
acter of the sound upon the number of such cog strokes in a given 
time. Two vowels at the same pitch may be illustrated and dis- 
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tinguished in figures 4 and 5, whereas the same sound without pe »? 
attributes of a vowel may be illustrated by Fig. 6. 

Our organs of speech probably produce the vowels in the same 
way through a combined action of the upper and the lower glottis, 
or the latter and the cavity of the mouth. The apparatus gives us 
the number of vibrations, but their force is much reduced from the 
original and most likely to a certain degree, proportionally among 
them all. This difference between the generally smaller vibrations 
is certainly much harder to recognize than the original wave, and, 
therefore, the vowels are more indefinite. There certainly remains 
much to be done towards a practical development of telephony, but, 
as the beginning has now been made, we shall not have long to wait 
for further advance. <A broad field of labor has thus been opened 
for the physicist. 
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TRANSMITTING Musica VIBRATIONS. 


LETTERS PATENT to John Henry Johnson, of 47, Lincoln’s Inn 


Fields, in the County of Middlesex, Gentleman, for an inven- 
tion of ‘ Improvements in apparatus in transmitting musical 
vibrations or signals by means of electricity.” A communi- 
cation from abroad by Elisha Gray, of Chicago, County of 
Cook, State of Illinois, United States of America. 


Complete specification filed by the said John Henry Johnson at the 
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office of the Commissioners of Patents, on the 16th March, 


1875. 


John Henry Johnson, of 47, Lincoln’s Inn Fields, in the 
County of Middlesex, gentleman. “ Improvements in apparatus 
for transmitting musical vibrations or signals by means of elec- 
tricity.” A communication from abroad by Elisha Gray, of 
Chicago, County of Cook, State of Lilinois, United States of 
America. 

This invention relates to apparatus for transmitting musical 
vibrations by means of electricity from a distance, which appa- 
ratus is known as the telephone, and the invention consists in 
the method of, and apparatus for, transmitting and receiving 
simultaneously or otherwise, on a single circuit, two or more 
musical tones of different pitch. 

It also consists in the combination of apparatus operating 


in the above-named manner with a series of Morse sounders or 


printing telegraph apparatus, each operated in its own local 
eircult, whereby it is rendered possible to transmit two or more 


messages simultaneously ona single main circuit. 
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And in order that the said invention may be fully underst)dad 
I shall now proceed more particularly to describe the same,‘ind 
for that purpose shall refer to the several figures on the annexed 
sheet of drawings, the same letters of reference indicating cor- 
responding parts in all the corresponding figures. 

Figure 1 of the accompanying drawings is a view in elevation 
of the instrument used for transmitting ; figure 2 is a plan view 
of the same, showing the connections with the local and main 
circuits ; figure 3 1s a view in elevation of the instrument used 
for receiving, and figure 4 is a plan view of the same, also show- 
ing the connection with the main and loeal cireuits ; and figure 
) is a diagram showing the transmitting and the receiving in- 
struments connected in a single main circuit, and the arrange- 
ment of the keys, sounders and local circuits at the transmit- 
ting and receiving stations, whereby two messages may be 
transmitted simultaneously. 

In the specification of letters patent dated July twenty-ninth, 
one thousand eight hundred and seventy-four, No. 2646, 
granted to me on behalf of the said Elisha Gray, there is de- 
scribed a method of transmitting musical tones of any desired 
pitch by sending in series of electrical impulses corresponding 
in number per second to the number of audible vibrations per 
second in the musical tone which it is desired to produce 
through an electro-magnet, whereby the same is made to vi- 


brate in correspondence with the impulses, and consequently 


gives forth the tone desired. 

This method of transmitting musical vibrations is employed 
in carrying the present invention into effect. 

This invention is also based upon the law that every vibrating 
string or bar of definite thickness, length and tension has a 
certain definite rate of vibration per second at which it will al- 
ways vibrate with the production of a second definite musical 
note when in motion, which note is known as the fundamental 
of the bar or string. 

[I will now describe the construction and operation of the 
transmitting and receiving apparatus employed according to 
this invention, from which description the mannerin which this 
law of vibrating strings is apphed and utilized will be made 
evident. 

These receiving and transmitting instruments are similar in 
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their construction, but differ in the arrangement of their electri- 
eal connections. 

A is the supporting base ; B, B', are two columns of metal 
supported in this base ; and Cis a brass bar connecting these 
two columns. F is a frame of metal suspended under the bar 
C, and attached thereto, and I is an electro-magnet supported 
in the frame F whose poles extend through the bar c. The 
electro-magnet on the receiving instrument is wound with finer 
wire than on the magnet in the transmitting apparatus. Disa 
thin bar of steel which is stretched above the bar C, between 
suitable supports on the same, and has attached thereto a screw 
and head L, by means of which its tension may be regulated at 
will. ‘This steel bar is over the projecting poles of the electro- 
magnet, but does not come in contact with the same. M, M4‘, 
N, N', are binding screws, by means of which connection is 
made with the local and main circuits. The connections are 
different in the transmitting and receiving instrument, and I 
will first describe the connections of the former, which are 
shown clearly in the plan view in figure 2. Figure 1 shows an 
upright projection H, from the bar C, having a contact point 7, 
therein which is opposed to a contact-piece on the bar D. O 
shows a contact point under and almost in contact with the bar 
D, which contact point is attached to a bar K, shown in 
heure 2. 

The connections are as follows, and are shown in figure 2: 
From the local battery the current passes to binding screw N, 
then by wire ¢, to the projection H, then by contact point 2, to 
bar D, then by the column B to the wire ¢, then through the 
magnet I and wire @ to the binding screw N!. The main cur- 
rent enters at the screw M, then passes by the wires ¢ and d to 
arm K, and contact point O, to the bar D, then by column B! 
and wire 7 to the screw M}. 

When the local circuit is closed by means of a key in the 
usual manner the magnet will be excited and the bar D will be 
attracted ; this will break the circuit at the point 7, the spring 
bar D will then be released and the circuit will be again closed 
through the magnet. This automatic breaking and closing will 
continue as long as the circuit is closed at the key, and the re- 
sult will be that the bar will be thrown into vibration a certain 
number of times per second, and will produce a tone of a pitch 
determined by the thickness, length and tension of the bar, and 
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containing exactly the same number of audible vibrations > 


second as these closures of the circuit at the point 7. 

The main cireuit is closed at the point O every time the bar 
D is attracted, and a series of electric impulses are consequently 
transmitted to the main circuit corresponding in number to the 
audible vibrations in the fundamental tone of the vibrating 
bar. 

At the receiving instrument shown in Figures 3. and 
4, the main circuit enters at the point N, passes by wire a to 
the electro-magnet I, then by the wire 4 to the point N’, and 
thence to the ground. If there is a local circuit, it passes from 
serew M by wire ¢€ to bar H, and the contact point to bar D, 
and by wire f to screw M’. When the succession of electric 
currents pass through the magnet I of the receiving instrument, 
it will be thrown into vibration on principle before explained, 
and will give forth a musical tone of the same pitch as that 
given by the vibrating bar at the transmitting instrument. 

If the tone given by the magnet is the same as the funda- 
mental of the bar D strectched above it, this bar D will be 
thrown into sympathetic vibration, and will also give the same 
tone, and during its vibration it will come against the point H 
and close the local cirewt. If an electro-magnet is placed in 
this circuit, its armature will be attracted, and as the interrup- 
tions in the local circuit are so short as not to permit the 
demagnetization of the magnet and the consequent release of 
the armature the latter will remain down. 

Figure 5 is a diagram representing two transmitting and 
two receiving instruments at opposite stations, connected by a 
single main circuit. 

The vibrating steel bars 7 and e of the transmitting instru 
ments are tuned to a different fundamental, and the steel bars 
el! d@) of the receiving instruments correspond to each of those 
respectively. The bar e gives the note D C of the scaie, and 
the bar 7 the note D. Each of these transmitting instruments 
has its independent local battery, which by the electro-magnet 
of each instrument is operated, and each instrument is con- 
nected as shown in branches with the single main circuit at the 
points L Mend L! M?'. 

At the receiving station the main circuit passes through the 
electro-magnets of both instruments; and each instrument is 
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30 connected at the points H N and H! N', with a local circuit 
passing. through a sounder. | 

The method in which the apparatus operates is as follows : 

If the local circuits be closed by depressing the key K K}', 
the bars e and d will be vibrated, as before explained, and a 
series of impulses of electricity from the main battery will be 
transmitted per second to the line, the instrument C transmit- 
ting the same number of impulses as these audible vibrations 
to the note C, and the instrument D transmitting the same 
number of impulses as there are audible vibrations in the 
note D. 

These electric impulses will all pass through the magnets 
I, I', of both the instruments C', D', at the receiving station, 

40 and will cause them to vibrate; but inasmuch as the bar e! 
above the electro-magnet I can vibrate at a certain rate only, 
it will give forth only its fundamental note C, and the bar 7}, 
above the electro-magnet I', will give forth only its fundamen- 
tal note D, which corresponds with the tone produced at the 
transmitting station. 

In this manner the two notes are produced simultaneously 

45 at the receiving station. 

There may be as many transmitting instruments and inde- 
pendent local circuits as there are tones and semi-tones in two 
or more octaves, and each vibrating bar may be tuned to differ- 
ent notes on the scale. The instruments may be placed side 
by side, and then respective local keys are arranged: like the 
keys of a piano, so that a tune consisting of notes and chords 

50 can be easily played; or the transmitting instruments may be 
separated at any distance from each other. At the receiving 
station there will be a corresponding number of instruments, 
and they may be side by side or also separated from each 
other by any distance. The transmitting instruments may be 
connected with an induction coil, by which means induced ecur-. 
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rents instead of ordinary currents may be sent to the wire. 
Inasmuch as the vibration of each instrument affects the 
bar of the receiving instrument only, which is tuned to the 
same fundamental as the transmitting instrument corresponding 
to it, and as the main circuit pass through all the magnets 
and is therefore never broken unless all the instruments and 
the transmitting station are out of action, it is known that the 
interruption of one tone by opening the key corresponding 
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i 
thereto will cause the cessation at the receiver of that ie { \ 
rv: * 
, go’ 


alone, and that the other instruments wiil be unaffected 
that in this manner two or more signals may be transmitted 
simultaneously. 

The signals may be given by short and long interruptions 
in a continuous tone, or by means of a Morse sounder, which is 
placed in a local circuit connected with each receiving instru- 
ment, as shown at 8S, S', in the diagram. 

As long as the bar vibrates the local circuit through the 
magnet will close, but when these vibrations cease in obedience 
to the movement of the key at the transmitting station the 
local circuit will open and the armature lever will make a 
back stroke. 

Printing instruments may be placed at these local circuits 
instead of Morse sounders, which will be operated on the 
interruption of the local circuit, and may be arranged in any 
manner which will occur to any person familiar with the 
method of telegraphing and the construction of telegraph 
instruments. 

Instead of receiving the vibrations upon electro-magnets, as 
shown, they.may be received upon a plate of metal by the 
method described in the specification before mentioned, and by 
the use of resonators or organ pipes, each tuned to a certain 
fundamental, any desired simple tone may be selected from the 
clang or compound tone which is produced by the vibrating 
plate. 

Instead of automatic cireuit breakers operated electrically, 
mechanical circuit breakers may be used, or the circuit may be 
broken by means of platina points in the reeds of organ pipes. 
This invention admits of being carried into effect in many 
different ways, which will be obvious to those skilled in the aré 
to which it pertains. 

Having now described and particularly ascertained the nat- 
ure of the said invention, and the manner in which the same 
is, or may be used or carried into effect, 1 would observe in con- 
clusion that what I consider to be novel and original, and there- 
fore claim as the invention secured to me by the hereinbefore 
in part recited letters patent 1s : 

First. The method of transmitting two or more musical 
tones of different pitch simultaneously or otherwise through a 
single line wire by menns of two or more circuit interrupters, 
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each acting independently but connected in the same main cir- 
cuit to the line, and each transmitting to the line a succession 
of impulses of electricity of equal length, the number of im- 
pulses transmitted per second by each circuit interrupter being 

different, but equal foreach circuit interrupter to the number of 

audible vibrations per second in a musical tone of a certain 

pitch, in combination with a vibrating or resonant instrument 

at the receiving station, which instrument is connected to the 

line, is a conductor of electricity, and is thrown into vibration 

by the impulses of electricity transmitted through it so as to 

give forth a musical tone, as and for the purpose hereinbefore 

described. 

SeconD. In combination with two or more circuit interrupt- | 
ers, each acting independently but connected in the same main 
circuit to the line, and each transinitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted per second by each circuit interrupter being 
different but equal for each to the number of audible vibra- 
tions per second in a musical tone of a certain pitch, a vibrat- 
ing and resonant receiving instrument which is a conductor of 
electricity, and which is thrown into vibrations by the impulses 
of electricity transmitted through it so as to give forth a mu- 
sical tone, and two or more resonators, or analyzers, or organ 
pipes, each of which will vibrate to a certain fundamental tone 
only, substantially as and for the purpose hereinbefore de- 
seribed. 

TuirD. In combination with two or more circuit interrupt- 
ers, each acting independently but connected in the same main 
circuit to the line, and each transmitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted by each circuit interrupter per second 
being different, but equal for each to number of audible vibra- 
brations per second in a musical tone of a certain pitch, two 
or more receiving instruments which are in the same main cir- 
cuit and are each provided with a vibrating bar or its equivalent 
which is pitched to a certain fundamental, and gives forth a ’ 
musical tone when the number of electrical impulses transmit- 
ted through the receiver per second are equal to the number 
of audible vibrations in the tone to which the bar or its equiv- 
alent is pitched. 

Fourtu. In combination with two or more circuit interrupt- 
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each acting independently but connected in the same main cir- 
cuit to the line, and each transmitting to the line a succession 
of impulses of electricity of equal length, the number of im- 
pulses transmitted per second by each circuit interrupter being 
different, but equal foreach circuit interrupter to the number of 
audible vibrations per second in a musical tone of a certain 
pitch, in combination with a vibrating or resonant instrument 
at the receiving station, which instrument is connected to the 
line, is a conductor of electricity, and is thrown into vibration 
by the impulses of electricity transmitted through it so as to 
give forth a musical tone, as and for the purpose hereinbefore 
described. 

SeconD. In combination with two or more circuit interrupt- 
ers, each acting independently but connected in the same main 
circuit to the line, and each transinitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted per second by each circuit interrupter being 
different but equal for each to the number of audible vibra- 
tions per second in a musical tone of a certain pitch, a vibrat- 
ing and resonant receiving instrument which is a conductor of 
electricity, and whichis thrown into vibrations by the impulses 
of electricity transmitted through it so as to give forth a mu- 
sical tone, and two or more resonators, or analyzers, or organ 
pipes, each of which will vibrate to a certain fundamental tone 
only, substantially as and tor the purpose hereinbefore de- 
scribed. 

THirD. In combination with two or more circuit interrupt- 
ers, each acting independently but connected in the same main 
circuit to the line, and each transmitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted by each circuit interrupter per second 
being different, but equal for each to number of audible vibra- 
brations per second in a musical tone of a certain pitch, two 
or more receiving instruments which are in the same main cir- 
cuit and are each provided with a vibrating bar or its equivalent 
which is pitched to a certain fundamental, and gives forth a 
musical tone when the number of electrical impulses transmit- 
ted through the receiver per second are equal to the number 
of audible vibrations in the tone to which the bar or its equiv- 
alent is pitched. 

Fourtru. In combination with two or more circuit interrupt- 
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ers, each acting independently but connected on the same main 
circuit to the line, and each’ transmitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted per second by each cireuit interrupter 
being different, but equal for each circuit interrupter. to the 
number of audible vibrations per second in a musical tone of a 
certain pitch, two or more receiving instruments connected in 
the same main circuit, and each provided with a vibrating bar 
or its equivalent, which bar is tuned to a certain pitch and 
gives forth a musical note when the impulses of electricity 
transmitted through the receiving instrument correspond in 
number to the audible vibrations in the note produced by the 
sald bar, and two or more local circuits through sounders or 
printers, each of which circuits is connected to a correspond- 
ing vibrating bar, and is closed when said bar is thrown into 
vibration, substantially as and for the purposes hereinbefore 
described. 

Firry. A transmitting instrument, consisting of the combi- 
nation of the magnet I, frame B, B', C, F, vibrating bar D, con- 
tact points 0 and 7, and cireuits «a, b,c, d, e, f, substantially as 
hereinbefore described and illustrated by drawings. 

SixrH. A recelving instrument, consisting of the combina- 
tion of the electro-magnet I, frame Bb, B', C, I’, vibrating bar D, 
contact point H, and circuits «, 4, e,,7, substantially as herein- 
before described and illustrated by the drawings. 


In witness whereof, I, the said John Henry Johnson, 
have to this, my complete specification, set my 
hand and seal, this ninth dayof March, one thou- 
sand eight hundred and seventy-five. 

J. Henry JOHNSON [L.. 8. | 


gos Nae oe eS Sates Pee ged ' aa . es, _ fot is bse Sl vag Fie SE ge Sd ok LET 

eS . eis ig " es § aes ee eae ee re ‘ ps Sees i CLINE oe Ce Bey EP ot Re AR eS: i an Hen pe At : =e ~ ‘ 

Bivte ie ae acca ghee ees ee ot See oe a: BESET AB Ge PR BES AO LAI LEI a a AG ht Sei ee ay ae eS * i ak. ialage cass a a Si 3 Petits 3 
. - re aS > @Mhs ol . tM a + - eer = 


578 DEFENDANTS EXHIBITS. 


randum of Alteration, of William Morgan- 


\ (No. 76.) Defendants’ Exhibit, Disclaimer and Memo- 
‘\ Brown, &c. 


J. A. W., Sp. Ex’r. 
A. D. 1876. No. 4765. 


[Introduced in Case, p. 410.] 


ExLectric TELEPHONY AND TELPHONIC APPARATUS. 
MORGAN-BROWN’S DISCLAIMER AND MEMORANDUM OF ALTERATION. 
Filed 13th February, 1878. 


In the matter of letters patent granted to William Morgan-Brown 

of the firm of Brandon & Morgan-Brown, engineers and 

_ patent agents, of 38 Southhampton Buildings, London, and 

1 Rue Laffitte, Paris, for the invention of “ Improvements in 

5 Electric Telephony (transmitting or causing sounds for tele- 

sraphing messages) and Telephonic Apparatus.” A com- 

munication from abroad by Alexander Graham Bell, of the 

University of Boston, Massachusetts, United States of 

America, professor of vocal physiology, bearing date 9th 
December, 1876, No. 4765. | 


10 Disclaimer and memorandum of alteration as proposed to 
be entered by the said William Morgan-Brown, of certain parts 
in the specification of the said letters patent, pursuant to the 
statute in that case made and provided. 

Whereas, her most excellent Majesty Queen Victoria, by 
her letters patent, under the great seal of the United King- 

15 dom of Great Britain and Ireland, bearing date the 9th day of 
December, 1876, No. 47657°, did for herself, her heirs and sue- 
cessors, give and grant unto the said Wiliam Morgan-Brown, 
his executors, administrators and assigns, the sole privilege of 
making, using; exercising and vending within the United King- 

20 dom of Great Britain and Ireland, the Channel Islands, and 
the Isle of Man, the said invention for the term of 14 years 
from the date of the said letters patent. And whereas, since 
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the filing of the specification in pursuance of the said letters 
patent I, the said William Morgan-Brown, have ascertained 
that some of the claims made therein are too wide, and com- 
prise, as forming parts of the said invention, parts that were 
not new in the United Kingdom at the date of the said letters 
patent, by reason of descriptions thereof having been pub- 
lished in England before the 9th December, 1876, and in par- 
ticular certain descriptions of telephonic apparatus that had 
been invented and used by the said Alexander Graham Bell, in 
America, prior to the said date. And whereas, it has been as- 
certained that parts of the said invention, as described in the 
said specification, are not of sufficient practical utihty. And 
whereas, | am desirous for the above reasons of amending my 
said specification by disclaimer and memorandum of alteration, 
as hereinafter set forth, and of confining the claims in the said 
specification to arrangements of telephonic apparatus, wherein 
are employed plate armatures or armatures other than those 
earried by a membrane, and arrangements wherein are em- 
ployed permanent magnets or magnets excited by batteries 
which are not in the main cirewt or line wire. And whereas, 
I, the said William Morgan-Brown, for the reasons aforesaid, 
am desirous, by and with the leave of her Majesty's Attorney- 
General. to disclaim the portions of the said specifications 
hereinafter mentioned, and to alter and amend the said specifi- 
cation in manner following—that 1s, by a disclaimer and memo- 
randum of alteration, which cannot and does rot extend the 
exclusive right granted by the said letters patent. 

For the reasons aforesaid I insert after the word “ appar- 
atus ” on page 11, line 12, of the Queen's printers’ copy of the 
said specification (second edition) the words following, ‘ as 
hereinatter deseribed anil claimed in the claiming clauses here- 
unto annexed ;” and I strike out the whole of the paragraph on 
the same page 11, beginning with the words “in all,” in line 12, 
and ending with the word “direction,” in line 21; and on the 
same page 11 I strike out all the words from the word “ where- 
by,” in line 24, down to and including the words “ confusion 
and,” in line 26; and on the same page 11 I strike out the 
whole of the paragraph beginning with the words “the inven- 
tion,” in line 28, and ending with word “ directions,” in line 31: 
and I insert after the word “ transmission,’ in line 32, of the 
same page 11, the words “in the manner hereinafter described 
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the filing of the specification in pursuance of the said letters 
patent I, the said William Morgan-Brown, have ascertained 
that some of the claims made therein are too wide, and com- 
prise, as forming parts of the said invention, parts that were 
not new in the United Kingdom at the date of the said letters 
patent, by reason of descriptions thereof having been pub- 
lished in England before the 9th December, 1876, and in par- 
ticular certain descriptions of telephonic apparatus that had 
been invented and used by the said Alexander Graham Bell, in 
America, prior to the said date. And whereas, it has been as- 
certained that parts of the said invention, as described in the 
sald specification, are not of sufficient practical utility. And 
whereas, [ am desirous for the above reasons of amending my 
said specification by disclaimer and memorandum of alteration, 
as hereinafter set forth, and of confining the claims in the said 
specification to arrangements of telephonic apparatus, wherein 
are employed plate armatures or armatures other than those 
earried by a membrane, and arrangements wherein are em- 
ployed permanent magnets or magnets excited by batteries 
which are not in the main cireuit or line wire. And whereas. 
I, the said Wilham Morgan-Brown, for the reasons aforesaid, 
am desirous, by and with the leave of her Majesty’s Attorney- 
General, to disclaim the portions of the said specifications 
hereinafter mentioned, and to alter and amend the said specifi- 
cation in manner followmg—that is, by a disclaimer and memo- 
randum of alteration, which cannot and does not extend the 
exclusive right granted by the said letters patent. 

For the reasons aforesaid I insert after the word ‘ appar- 
atus ” on page 11, line 12, of the Queen's printers’ copy of the 
said specification (second edition) the words following, “ as 
hereinafter described and claimed in the claiming clauses here- 
unto annexed ;” and J strike out the whole of the paragraph on 
in all,” in line 12. 
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the same page 11, beginning with the words 
and ending with the word “direction,” in line 21; and on the 
same page 11 I strike out all the words from the word “ where- 
by,” in line 24, down to and including the words ‘ confasion 
and,” in line 26; and on the same page 11 I strike out the 
whole of the paragraph beginning with the words “the inven- 
tion,” in line 28, and ending with word “ directions,” in line 31; 
and I insert after the word “transmission,” in line 32, of the 


same page 11, the words “in the manner hereinafter described 
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and claimed ;” and on the same page 11 I strike out all the 
words from the words ‘‘ and two” in lines 34 and 35 to the word 
‘“‘ directions,” in line 36, inclusive; and I insert after the word 
“transmission in the,” line 37, of the same page 11 the words 
“in the manner hereinafter deseribed and claimed ;” and after 
the word “ battery,” in line 38, of the same page 11, I insert the 
words “ being used in the main cireuit or used,” otherwise than 
in the manner hereinafter deseribed and claimed ;’ and on the 
and 
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same page 11 I strike out all the words from the words 
two,” in line 40, to the word “ line,” in line 47, inclusive; and 
after the words “ first plan,” in line 48, of the same page 11, I 
insert the words ‘to which no claim is made otherwise than in 
the claiming clauses hereunto annexed ;” and in line 19, of page 
13, [ strike out the words as devised ““ by my communicator,” 
and in lieu thereof I insert the words ‘ following, to which no 
claim is made otherwise than in the claiming clauses hereunto 
annexed ;” and after the words “third plan,” in line 33, 
of the same page 13 I insert the words “to which no 
claim is made otherwise than in the claiming clauses 
hereunto annexed; and after the words “fourth — plan,” 
in line 19, of page 17, I imsert the following words: 
‘which is not claimed further than is indicated by 
“the claims made in the claiming clauses hereunto annexed 
“and itis to be noted that no claim is made _ to the use of 
‘telephonic apparatus wherein a membrane like gold beaters 
“skin is usedin combination with an electro-magnet excited 
“by abattery which is arranged in the main cireuit or line 
‘wire, inasmuch that sucha membrane was mentioned in 
‘descriptions published in England prior to December 9th, 
‘1576, and as such amembrane is of small utility owing to 
‘its uncertainty of action caused by changes due to wear, or 
“moisture, or atmospheric influences ;” and in line 25 of the 
said page 17 I strike out the word “fourth ;” and in line 55 of 
the same page 17 [ strike out the words “may be used,” and 
insert in place thereof the words “such as is shown at A® in 
Figure 31 of the drawings hereunto annexed may with greatly 
increased advantage be used as an armature ;’ and in line 7 of 
page 18 I strike out the word “material” and insert in place 
thereof the words “equivalent plate ;’ and I strike out of the 
said page 18 the paragraph beginning with the words “If 
two,” in line 23, and ending with the word “sound” in line 30, 
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and I insert afterthe word and fieure “and 26” in line 40 wy .) } 


the same page 18 the words “ which is not claimed further th: 

is indicated by the claims made in the claiming clauses here- 
unto annexed;” and after the word ‘ invention” in line 47 of 
the same page 18 I insert the words “to which no claim is 
made otherwise than in the “ claiming clauses hereunto an- 
nexed ;” and Istrike out the claiming clauses “ First,” ‘* Second,” 
and “ Third” on page 20, beginning with the word ‘ first’ 
in line 28 of the same page 20 and ending with the words 
“set forth ” in line 37; and I strike out the word “Fourth ” in 
hne 38 of the same page 20 and insert in place thereof the 
word “ First;” and after the words “ set forth ” in the same line 
38 LT insert the words “and described respectively in the fourth 
and fifth plans above referred to, but subject always to the 
disclaiming notes;” and after the word “magnet” in the same 
line 38 I insert a parenthesis, and after the word “ action” in 
line 59 LT insert another parenthesis, so that the words in lines 
ss and 39 of page 20 “or other body capable of inductive 
action ” shall be within parenthesis ; and I strike out the claim- 
ing clauses “ Fifth” and “Sixth” on the said page 20, begin- 
ning with the word “ Fifth” im line 46 of the same page, and 
ending with the words “set forth” in line 52; and I strike out 
the word “seventh” in line 53 of the same page 20 and insert 
in place thereof the word “second ;” and after the word ‘ cur- 
rent” in line 55 of the same page L insert the words “‘ generated 
as described in the fourth and fifth plans, but subject al- 
ways to the disclaiming notes ;” and in line 56 of the same page 
20 I strike out the word “eighth,” and insert in place thereef 
the word “ third,” and after the word “ current” im line 57 of 
the same page 20 I insert the words “ generated as described in 
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the fourth and fifth plans, but subject always to the disclaim- 
ing notes ;” and I strike out the word “ ninth” in line 3 of page 
21, and insert in place thereof the word “ fourth,” and after the 
word “ telephones” in line 3 of the same page 21 [ insert thi 
word “ when: and afterthe word “ deseribed ” in thessid line 8 
of the same page 21 I insert the words “in the fourth and fifth 
plans, but subject always to the disclaiming notes ;” and I strike 
out the word “tenth” in line 10 of the same page 21, and in- 
sert in place thereof the word “ fifth ;” and after the word 
“instruments” in line 11 of the same page 21 I insert the words 
“such as are described in the fourth and fifth plans, but sub- 
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ject always to the disclaiming notes ;” and in line 15 of thesame 
page I strike out the word “ instrument,” and insert in place 
thereof the words “ instruments such as are above mentioned ; ” 
and I strike out the word ‘ eleventh” in line 18 of the same 
page 21,andinsert in place thereof the word “ sixth” and in the 
same line I strike out after the word “ combination ” the words 
‘“ with an electro-magnet of,” and insert in place thereof the words 
‘in the manner described in the fourth and fifth plans, but sub- 
ject always to the disclaiming notes of an electro-magnet with ; ” 
and I strike out the claiming clause beginning with the word 
“ twelfth ” in line 21 of the same page 21, and ending with the 
word ‘ possible” in line 24 of the same page 21, and I strike 
out the word “ thirteenth” in line 25 of the same page and in- 
sert in place thereof the word “ seventh ;” and after the word 
in the fourth and 
fifth plans but subject always to the disclaiming notes;” and 
I strike out the fourteenth and fifteenth claiming clauses on the 
same page 21, beginning with the word ‘ fourteenth” im line 28 


‘ described ’ in line 27 I insert the words “ 


of the same page 21, and ending with the words “ set forth in 
line 32 of the same page 21, and in line 35 of the same page I 


a4 


strike out the word ‘ sixteenth ;” and insert in place thereof 
the word “ eighth;” and after the word described in line 35 of 
the same page I insert the words “in the fourth and fifth 
plans,’ but subject always to “ the disclaiming notes,” and I 
strike out the claiming clauses “‘ seventeenth ” and “ eighteenth ” 
on the said page 21, beginning with the word “seventeenth ” in 
line 36 of the same page, and ending with the word “ described F 
in line 48. And the said specification when so disclaimed, 
altered and amended (omitting formal parts and as printed by 
the Queen's printers) will read as follows : 

‘Specification in pursuance of the conditions of the letters 
patent filed by the said William Morgan-Brown in the Great 
“ Seal Patent Office, on the 9th June, 1877. 

“ Wilham Morgan-Brown, of the firm of Brandon & Morgan- 
Brown, Engineers and Patent Agents, of 38, Southampton 
‘ Buildings, London, and 1 Rue Laffite, Paris: “ Improvement 
in Electric Telephony (transmitting or causing sounds for 


© 
. 


© 


. 
© 


‘ telegraphing messages) and Telephonic Apparatus. A com- 
‘munication from abroad by Alexander Graham Bell, of the 
University of Boston, Massachussetts, United States of 
‘ America, Professor of Vocal Physiology. 
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“This invention of improvements in electric telephony) 
9 “(transmitting or causing sounds for telegraphing messages) 
‘and telephonic apparatus relates to electric telephony and 


-~ 
is 


‘telephonic apparatus, as hereinafter described, and claimed 


n~ 
. 


in the claiming clauses hereunto annexed. 
“'This present invention relates to the reproduction by the 
. ‘necessary receiving instruments of any particular sounds or 


10 


a 
~~ 


combinations of sounds through the agency of an electric cur- 


~~ 
is 


rent, whereby articulate speech may be electrically trans- 
mitted. 
‘ 'The invention also relates to the electrical production or 


r 
~~ 


“ transmission, in the manner hereinafter deseribed and claimed, 
“of sounds of every kind by means of undulatory currents of 
15 “electricity, whereby not only musical sounds but articulate 


“speech can be transmitted over a telegraph line. 

“ The invention also relates to the electrical production or 
transmission, in the manner hereinafter described and elaimed, 
“ofsounds of every kind without a battery being used in the 
main eircuit, or used otherwise than in the manner hereinafter 
“deseribed and claimed by means of undulatory currents of 


20 “ electricity, whereby not. only musical notes but articulate 
f ” speech can be transmitted over a telegraph line. 
“ Tirst plan, to which no claim is made otherwise than in the 
‘ ¢laimine clauses hereunto annexed. 
20 “The first method of an apparatus for transmitting two or 
“more telegraphic messages or signals simultaneously along a 
‘single wire by the employment of transmitting instruments, 
“each of which occasions a succession of electrical impulses 
“ differing in rate from the others, and of receiving instru- 
“ments, each tuned to a pitch at which it will be put in vibra- 
‘tion to produce its fundamental note by one only of the 
30 “ transmitting instruments, as devised by my communicator, is 
“ailustrated in figures 1 and 2 of sheet 1, and in figures 3, 4, 
“and 5 of sheet 2. 
“The transmitting instrument T (figure 1) consists of an 
“ electro-magnet e, having a steel spring armature a, which is 
d) ‘ kept in continuous vibration by the action of a local battery 
‘4. The armature @ in the course of its vibration brings the Ht 
“ platinum rivet 7 alternately into contact with two platinum | 
“ points, / and m, one, /, being placed in a local cireuit 4, s?, 
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l, v, 83, b, and the other m, communicating with the line wire 
W through the screw cap s!. 

“'The-receiving instrument RK, shown in plan in figure 1, 
and in elevation in figure 2, consists of an electro magnet E 
having a coil upon only one of its legs. A steel spring arma- 
ture A is firmly clamped by one extremity to the uncovered 
leg of the electro-magnet E, and its free end is allowed to 
project above the pole of the covered leg. Upon depressing 
the key K (figure 1) a communication is established between 
the main battery B and the vibrating armature « of the trans- 
mitter T. When the rivet 7 touches the point 7 the main cir- 
cuit is completed. The currents of 2 pass to the ground at 
G, and the currents of c pass through K,s, 7, m, «1 to the line 
wire W, and thence through the electro-magnet E of the re- 
ceiver R to the ground at G!. When the rivet 7 leaves the 
point m the main cireuit is broken. So long then as the key 
K is depressed the vibration of @ occasions an intermittent 
action of the current from the battery B upon the line wire 


“W and the armature A of the receiver Ris attracted in an 


rc 


o 


e 


e 
c 


intermittent manner by its electro-magnet E. 
“When the makes and breaks of the cireuit at 7,7 are 


‘timed to the normal movements of the armature A of the re- 


celving instrument, that is, when A is tuned to yield the same 


‘musical pitch as the armature « of the transmitting instru- 


© 
° 


a. 
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ment, then the armature A is thrown into strong vibration, 
thereby causing it to emit its musical note. 
“ When the key K is raised the communication between the 


‘main battery B and the transmitter T is eut off and A be- 


‘comes silent. So long asthe key K is depressed a musical 


+ 


¢é 


note 1s emitted by A, and the duration of this note can be 
made to signify the dot or dash of the Morse alphabet; thus 


“a telegraphic dispatch ean be sent from IT’ to R by manipu- 


ee 


** 


**. 


lating the key K in the usual manner. 

- Figures >. 4 and QD, sheet 2. illustrate the combination of 
these instruments upon a telegraphic circuit so as to permit 
the similtaneous transmission of a number of telegraph mes- 


‘sages along a single wire. 


“ The armature of the transmitters and receivers that are 


“ numbered alike at all the stations have the same pitch ; thus 


** 


** 


> 


the transmitter T? of the figure 3 is the unison of the 
transmitter T? at the station represented in figure 4, and 


15 


4 
20 
25 
a 
30 
30 


‘ 40) 


o 


~ 
-~ 


~~ 
. 


© 
- 


e 
a 


- 
~~ 


. 
c 


‘ floure 


DISCLAIMER, ETC., OF WILLIAM MORGAN-BROWN. 585 [ / 


‘also of the receiver R? at the stations shown in figures 4 


and 5. 
“The sounds produced by the transmitters T, T', T?, &e., 


‘ differ in pitch from one another, and are so arranged that each 


transmitter can effect one and one only of the receiving in- 
struments RK, R!, R*, &e., at each station upon the line. 

“To illustrate the operation of this form of the invention, 
depress any key, say key K', figure 3, a communication being 
thereby established between the main battery 3 and the trans- 
mitting instrument 'T!, an intermittent current passes on to 
the main hne through the receiving instruments R, R', R?, 
&c., of figures 3,4 and 5, to the earth at G, tigure 5. The re- 
ceiving instruments R', figures 3, 4 and 5 respond, so long as 
the key K!', figure 3, is depressed, and become silent the mo- 
ment itis raised. The other instruments R, R?, &c., at sta- 


‘ tions, figures 3, 4 and 5, remain silent, so that a telegraphieal 


message transmitted by the manipulation of key K', figure 3, is 


‘received upon only its corresponding receiving instrument at 
‘each station toward that station, herein shown as figure 5, 


where the receiving instruments are connected directly with 
the earth. 

“The instruments shown in figure 4 operate as just described 
for those of figure 3, the depression of each key Kk, K', or 
K?2, &e., operating those receiving instruments in stations 4 


‘and 5, that are in unison with the transmitting instrument 


connected with the key, but does not affect the instruments in 
ficure 3, or in that direction. 

“To illustrate the simultaneous transmission of telegraphic 
messages by these instruments, an operator in the station, 


shown in figure 3, 1s supposed to manipulate the kev K, while 


‘at the same time another operator in station, figure 4, 1s trans- 


mitting an entirely different despatch by the manipulation of 
the key K!. The signals produced by the depression of key 
K, figure 3, are received by the receivers Kt of figures 5, 4 and 
5, and the signals due to the manipulation of the key K', 

4, affect the receiving instrument Kt! of figures 4 and 5, 
but not R' of figure 3, or of any station in the direction of 


‘ficoure 3; hence, although upon this plan two or more mes- 


res may be sent simultaneously over the same circuit from 


() ¢ 
_ 


Sa 


‘the same or difterent stations to the same or cdifterent stations. 


still as the signals pass only in one direction, two line wires 
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, 45 “are required to complete communication in both directions. 
ji \sS | ‘ Intermittent currents adapted to work these instruments may 
‘“ be produced without actually making and breaking the cir- 


© 
© 


cuit, as hereimbetore described, by suddenly inereasing and 


a 


‘diminishing the intensity of the current. Such currents are- 
‘“ termed for the sake of distinction ‘ pulsatory.’ Intermittent 
“and pulsatory currents may be of two kinds, accordingly as 


00 “ the electric impulses have all the same polarity, or are alter- 
“nately positive and negative. In the former case they are 
“ termed ‘ direct,’ in the latter, ‘reversed’ currents. These dis- 
‘ tinctions are graphically illustrated in figures 6 and 7. 
“Second plan, to which no claim is made otherwise than in 
‘claiming clauses hereunto annexed. 
55 ‘In order to secure communication in both directions upon 


‘a single circuit, this second plan was devised, and it is illus- 
“trated in figures 8,9 and 10. In these figures the instru- 
‘ments employed are similar to those shown in figures 1, 2, 3, 


“4and 5. and like instruments are denoted by like letters ; but 
‘instead of connecting the transmitting instruments T,T '!, T?, 


“&e., directly with the receiving instruments R, R', R?, &e., 
‘as in figures 3, 4, &c., they are connected with the primary 


. 
© 


wires of an induction coil I, of usual construction, and the 
‘currents induced in the secondary wires of the coil are direct- 
ed to the receiving instruments R, R', R?, &e., on the line 
5 “wire. By this arrangement the receiving instruments at the 


¢ 
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terminal stations, figures 8 and 10,are connected directly with 


. 
© 


the earth at G, and the signals made at any one station ap- 
pear at 11, the stations on the circuit. On this plan, there- 


e 
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¢ 
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fore, two or more messages may.be sent simultaneously over 
10 “a signal circuit in the same or in an opposite directions. 
“Third plan, to which no claim is made otherwise than in 
‘the claiming clauses hereunto annexed. 
“Tn the methods heretofore described, employing intermit- 
‘tent currents of electricity, the limit to the number of signals 
that can be sent simultaneously over the same wire is very 


€ 
a 


© 
© 


speedily reached, for when a number of transmitting instru- 
15 “ments having different rates of vibration are simultaneously 
‘making and breaking the same circuit, the effect upon the 
‘main line is practically equivalent to one continuous current. 
“ Tn addition to this objection local and main batteries are re- 
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quired at every station on the line. Similar difficulties are 
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‘the currents are direct, that 1s, the electrical impulses 4?, 42, 
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i) 
experienced in employing pulsatory currents. To obvintl 
these difficulties the plan of using an undulatory current 6f 
electricity, as described in this part of the invention, was de- 
vised. 

“It has long been known that when a permanent magnet is 


‘eaused to approach the pole of an electro-magnet a current 


of electricity is induced in the coils of the latter, and that 
when it is made to recede a current of opposite polarity to 


‘the first appears upon the wire. When, therefore, a perma- 


nent magnet is caused to vibrate in front of the pole of an 


 electro-magnet an undulatory current of electricity is induced 


in the coils of the electro-magnet, the undulations of which 
correspond in rapidity of succession to the vibrations of the 
magnet in polarity to the direction of its motion, and in in- 


‘tensity to the amplitude of its vibration, or rather to the 


velocity of its motion. <A current of this character is graphi- 
cally represented in line 3, figure 7, sheet 1. When the per- 
manent magnet is caused to vibrate in front of the pole of an 
electro-magnet, which is placed in circuit with a voltaic bat- 
tery, the undulatory current induced by the vibration of the 


‘permanent magnet is superposed upon the voltaic current. 


When the induced impulse is of similar polarity to the voltaie 
currents it serves to strengthen the intensity of the latter, but 
when it is of opposite polarity it tends to neutralize the vol- 


‘taic current. In such an arrangement the resultant effect of 
‘the vibration of the permanent magnet is to throw the bat- 


tery currents into waves, as in line 3, figure 6, by alternate! 
increasing and diminishing the intensity of the current. Such 
increase and diminution in the intensito of the current does 


‘not take place with the suldenness characteristic of a pulsa- 


tory current (see line 2, figure 6), but is proportional to the 


‘increase and diminution of the density of the air during the 
‘vibration of the inducing body; the various kinds of electrical 


currents denominated intermittent. pulsatory and undulatory 
are graphically represented in figures 6 and 7. In figure 6 


) 


b?, &e., are all of the same polarity, either positive or newa- 


‘tive, and in figure 7 the currents are reserved, that is, the 


electrical impulses are alternately positive and negative. 
‘ Direct intermittent current (shown in line 1, figure 6). The 


‘impulses 67, 6?, &c., are all of positive or all of negative elec- 
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the impulses of maximum intensity, and the depressions c?, c?, 
‘the impulses of minimum intensity. As before, the vertical 
‘ thickness of the line indicates the strength of the current. 
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tricity, and the vertical thickness of the lines 6°, b?, &c., 


‘measured. from the zero line z!, z!, represents the intensity 


of the current of the part observed. The horizontal exten- 


‘sion of the line #6? indicates the duration of the electrical 


impulse, and the horizontal extension of the space 7? shows 
} : i 


‘the length of time the current 1s absent from the circuit. 


“Reversed intermittent current (shown in line 1, figure 7). 


‘Impulses of positive electricity are represented above, and 
‘impulses of negative electricity below, the zero line z', 2', and 
‘the impulses 6?, d?, are respectively positive and negative, or 


VICE VETSU. 
“Direct pulsatory current (shown in line 2, figure 6). The 
current of electricity represented is continuous, but it changes 


‘suddenly in intensity, the elevations 4°, d?, &c., indicating 


9 


‘Reversed pulsatory current (shown in line 2, figure 7). The 
impulses 6%, d?, are alternately positive and negative without 
any break in the continuity of the current. 

“Direct undulatory current (shown in line 3, figure 6). As 
before, the vertical thickness of the line represents the 


‘ strength of the current, the elevations 6?, 6?, &c., express the 
‘impulses of maximum intensity, and c?, c?, &c., those of mini- 


mum intensity. The changes of intensity, as illustrated in 


‘line 5, do not occur with the suddenness characteristic of 


pulsatory currents, as shown in line 2, but are proportional to 
the changes in the density of the air during the production 
of a sound. 

“Reversed undulatory current (shown in line 3, figure 7). 
The elevation 67, 6?, &c., indicate impulses of positive and 
the depressions d?, d?, impulses of negative electricity, the 
vertical thickness of the portions 6?, d?, indicating the 
intensity of the positive or negative impulse at the part ob- 


‘served. The oscillations of the current above and below the 
‘zero line correspond to the increase and diminution of the 


density of the air during the production of a sound, hence the 
elevations 6°, 67, &c., correspond to condensation of air, and 
the depressions @?, d?, &c., to rarefactions, the intensity of the 
positive or negative impulses being proportioned to the 
degree of density or rarity of the air. 
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“The differences between intermittent pulsatory and undu 
tory currents will be more clearly understood by describing 
and illustrating the condition of the electrical current when 
the attempt is made to transmit two musical notes simultane- 
ously, first upou one plan, and then upon the others. Let the 
interval between the two sounds be a major third, then their 
‘ates of vibration are in the ratio of 4 to 5. Now, when an 
intermittent current is used, the circuit is made and broken 
four times by the armature a, figure 11, sheet 1, of one trans- 
mitting instrument in the same time that five makes and 
breaks are caused by the armature «' of the other transmit- 
ting instrument; A? and ¢?, figure 11, represent the inter- 
mittent currents produced, four impulses of B? being made in 
the same time as five impulses of A®, b?, 42, &c., figure 11, 


‘show where and for how long time the circuit is made, and 


t?, f?, &e., indicate the duration of the breaks of the circuit. 
The line A?+B?, shows the total effect upon the current when 


the armatures a, «', figure 11, are caused simultaneously to 


‘make and break the same cireuit, and the combined effect 


upon the current passing through the receiver R, shown at 
A?+B5?, figure 11, is very nearly equivalent to a continuous 
current. 

‘“ When many transmitting instruments, of different rates of 
vibration, are simultaneously making and breaking the same 
circuit, the current upon the main line becomes, for all prac- 
tical purposes, continuous. 

“When the armature, 7, a', are arranged upon circuit, as 
shown in figure 12, pulsatory currents traverse the coils of 
the receiving instrument, R. The line A? represents the pul- 
satory current due to the action of one armature 7, and the 


‘line B? the action due to the other armature a!: 4? 42%, &e.. 


‘ 


represent impulses of maximum intensity, and ¢?, c°, &c., im- 
pulses of minimum intensity. Tour impulses of B* are made 
in the same time as five impulses of A?, and the line A?+-B? 
represents the total effect upon the current passing through 
the coils of the receiver R when the armature ¢@ and «! are 


‘eaused to vibrate simultaneously. This effect is nearly equiv- 


‘alent to a continuous current of minimum intensity. 


es 


a 
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‘“ Next consider the effect when undulatory currents are em- 
ployed. Electrical undulations, induced by the vibration of 
a body M, figure 15, capable of inductive action, can be rep- 


rege lai, 


590 


10 


20 


° 


© 
. 


¢ 


DEFENDANTS EXHIBITS. 


resented graphically by the same sinusoidal curve which ex- 
presses the vibration of the inducing body itself, for, as above 
stated, the rate of oscillation in the electrical current is the 
same as that in the inducing body. The intensity of each 


‘induced impulse is proportional to the velocity of the motion 


° 
© 


e 
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of the inducing body, and the polarity of each induced im- 
pulse depends upon the direction of the motion of the in- 


‘ducing body to or from the pole of its electro-magnet. The 
‘ sinusoidal curves A? and B?, figure 13, represent graphically 


© 
A 


©. 


the electrical undulations induced in a circuit by the vibra- 
tion of permanent magnets M and M', or other bodies capa- 
ble of inductive action. 

“The portions 6?, 67, &c., represent impulses of positive 


‘electricity, and ¢?, /?, &c., impulses of negative electricity. 


© 
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The horizontal line z!, z!, represents the zero of current, and 
the vertical distance of any portion of the curve 6? or @? 
trom the zero line expresses the intensity of the positive or 


‘negative impulse at the part observed. 


aa 
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“The vibrations represented by the sinusoidal curves B? and 
A®, figure 13, are in the ratio aforesaid of four to five, that is, 
four oscillations of B? are made in the same time as five oscil- 
lations of A?. The combined effect of A? and B?, when induced 
simultaneously on the same circuit, is expressed by the curve 
A?+}5?, figure 13, which is the algebraical sum of the sinu- 


‘soidal curves A? and B?, in figure 14; the permanent mag- 


. 


© 
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nets M and M! are caused to vibrate in front of the poles of 


‘ electro-magnets ¢, ¢! placed in circuit with the battery B; 


by such an arrangement the battery current is thrown into 


‘waves. The lines A? and B? represent the undulatory cur- 


‘rents produced respectively by the vibrations of M and 


‘M!, and, as in the other instances, four impulses of B? are 


‘made in the same time as five impulses of A?; the elevations 


‘4? 6? &e., indicate impulses of maximum intensity, and the 
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dlepressions e* c*, de., impulses of minimum intensity: the 
vertical distanee or any portion of the eurve 42 c? from the 
zero line 2! <2! expresses the intensity of the current at part 


“ observed; the ine A?+B? expresses the resultant effect upon 
‘the current when the permanent magnets M M' are caused 


‘ simultaneously to vibrate; the curves A? B®, figures 13 and 
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Ca 


14, also indicate the actual motion of the air when the two 


‘magnets M M! are vibrated simultaneously. Thus, when 
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‘The vertical vibration of the elements of a battery in the 
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electrical undulations of different rates are simultaneousW 
produced upon the same circuit, the effect is exactly analo- 
gous to that occasioned in the air by the vibration of the in- 
ducing bodies. Hence the coexistence upon a telegraphic cir- 
cuit of electrical undulations, corresponding to sounds of dif- 
ferent pitch, is manifested, not by the obliteration of the 
vibratory character of the current, as with intermittent and 
pulsatory currents, but by peculiarities in the shapes of the 
electrical undulations, or in other words by peculiarities 


‘in the shapes of the curves which represent those undula- 


tions. 
“There are many ways of producing undulatory currents of 
electricity dependent for effect upon the vibration or motion 


‘ of bodies capable of inductive action. A few of the methods 


that may be employed are as follows: When a wire through 
which a continuous current of electricity is passing is caused 


‘to vibrate in the neighborhood of another wire, an undulatory 


current of electricity is induced in the latter. When a cylin- 
inder upon which are arranged bar magnets is made to rotate 
in front of the pole of an electro-magnet, an undulatory cur- 
rent of electricity is induced in the coils of the electro-mag- 
net. 

‘ Undulations are caused in a voltaic current by the vibra- 


‘tion or motion of bodies capable of inductive action, or by the 


vibration of the conducting wire itself in the neighborhood of 
such bodies. Electrical undulations may also be caused by 
alternately increasing and diminishing the resistance of tli 
circuit, or by alternately increasing and diminishing the 
power of the battery. The internal resistance of a battery 1S 
diminished by bringing the voltaic elements nearer together, 
and increased by placing them farther apart; the reciprocal 
vibration of the elements of a battery therefore occasions an 
undulatory action in the voltaic current. 

“The external resistance may also be varied; for instance. 
let water, or some other hiquid of high resistance, form part 


of a voltaic cireuit: then the more deeply the conducting 


wire is Immersed in the water or other lquid the less resist- 
ance does the liquid offer to the passage of the current ; hence 


‘the vibration of the conducting wire in water or other liquid 
‘ineluded in the circuit occasions undulations in the current. 
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liquid in which they are immersed produces an undulatory: 
‘action in the current by alternately increasing and diminish- 


ing the power of the battery. 

‘In illustration of one method of creating electrical undu- 
lations a form of apparatus is shown in Fig. 15. It is prefer- 
able to employ for this purpose an electro-magnet E, Fig. 15, 
having a coil upon only one of its legs. <A steel spring arma- 
ture A is tirmly clamped by one extremity to the uncovered 
lez A of the magnet, and its free end is allowed to project 


‘above the pole of the covered leg. The armature A can be 


setin vibration in a variety of ways, one of which is by wind, 
and in vibrating it produces a musical note of a certain 


‘ definite pitch. 


‘“ When the electro-magnet E is placed in a voltaic circuit 


' B, E, W, E', B, the armature A becomes magnetic, and the 


polarity of its free end is opposed to that of the magnet un- 
derneath. So long as the armature A remains at rest no 
effect is produced upon the voltaic current, but the moment it 
is set in vibration to produce its musical note a powerful 


‘ inductive action takes place and electrical undulations traverse 


the circuit above deseribed. The undulatory current pass- 
ing through the coil of the electro-magnet E! causes 
vibration in its armature A! when the armatures of the two 
magnets are normally in unison with one another, but the 
armature A? is unaffected by the passage of the undulatory 


‘current when the pitches of the two armatures are different. 


‘The instruments shown in Fig. 15 are like in plan to the 
receiving instruments R, R', &c., of figures 1, 2, 3, 4, 5, 8, 
9,10. A number of instruments may be placed upon a tele- 
eraphie circuit, as in figures 16,17,18. When the armature 
of any one of the instruments is set in vibration, all the other 


‘i nstruments upon the circuit which are unison with it respond, 


. 
i. 


o“~ 


o 
. 


Lay 
° 


but those which have normally a different rate of vibration 
remain silent. Thus if R, Fig. 16, is set in vibration, the 


‘armature of the receiver R, Figs. 17, 18, vibrate also, but all 


the others on the circuit remain still. So if R‘', Fig. 17, is 
eaused to emit its musical note, the instruments R', shown in 
Figs. 16 and 18, respond. They continue sounding so long 


‘as the mechanical vibration of R', Fig. 17, is continued, but 


“~ 
a 


~~ 
Lat 


beeome silent with the cessation of its motion. The duration 
of the sound may be used to indicate the dot or dash of the 
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Morse alphabet, and thus a telegraphic despatch may be in-j 


dicated by alternately interrupting and renewing the sound. 

“ When two or more instruments of different pitch are simul- 
taneously caused to vibrate, all the instruments of corre- 
sponding pitches upon the circuit are set in vibration, each 


responding to only that instrument used as a transmitter with 
‘which it isin untson. Thus the signals of R, Fig. 16, are re- 


peated by R, of Figs. 17 and 18, but by no other instrument 
upon the circuit. The signals of R', Fig. 18, by R', Figs. 16 
and 17, and the signals of R®, Fig. 17, by R*, Figs. 16 and 18, 
whether R, Fig. 16 R!, Fig, 18, and R?, Fig. 17, are succes- 
sively or simultaneously caused to vibrate. Hence by these 
instruments two or more telegraphic signals or messages may 
be sent simultaneously over the same circuit without inter- 
fering with one another, a single battery B being used for the 
whole ciruit. These instruments may be used for the simul- 


‘ taneous transmission of musical notes differing in loudness as 


well as in pitch. 
“ When the armature A, figure 15, is set in vibration the ar- 
mature A‘! responds not only in pitch but in loudness. Thus 


‘when A vibrates with little amplitude, a very soft musical 


note proceeds from A!, and when A vibrates forcibly, the 
amplitude of the vibration of A! is considerably increased, and 
the resulting sound becomes louder. So if R and R', figure 
16, are sounded simulianeously (RK loudly and R! softly) the 
instruments RK, figures 17 and 18, repeat loudly the signals 


‘of R, figure 16, and R', figures 17 and 18, repeat softly those 
‘of R!', figure 16.” 


* FourtTH Puan. 
‘ Which is not claimed further than is indicated by the 
claims made in the claiming clauses hereunto unnexed, and it 
is to be noted that no claim is made to the use of telephonie 


‘apparatus, wherein a membrane like gold beaters’ skin is used 


in combination with an electro-magnet excited by a battery 


‘ which is arranged in the main circuit or line wire, inasmuch 


as such a membrane was mentioned in descriptions pablished 
in England prior to December 9, 1876, and as such a mem- 
brane is of small utility owing to its uncertainty of action 


‘caused by changes due to wear or moisture, or atmospheric 


influences. 
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‘“ In the plans so far described a separate instrument 1s em- 
ployed for every pitch, and the electric vibrations for different 
pitches are combined upon the wire, each armature being 
capable of transmitting or receiving but a single note, and 
thus as many separate instruments are required as there-are 
messages or musical notes to transmit. 

“Tn this part of the invention a single instrument is em- 
ployed, the armature of which can be set in vibration by a 
musical instrument, or by the tones of the human voice or by 
any sound whatever. 

“This fourth plan is represented in figures 21, 22 and 23, 
wherein is shown a single telephone at each station in place 
of the transmitting and receiving instruments heretofore de- 
scribed, the telephones being illustrated separately in figures 19 
and 20. 

“ One of the ways in which the armature A, figure 15, may 
be set in vibration has been stated to be by wind. Another 
mode is shown in figure 19, whereby motion can be imparted 
to the armature by the human voice, or by means of a musical 
instrument or by sounds of any kind. 

“The armature A, figure 19, is fastened loosely by one ex- 
tremity to the uncovered leg 4 of the electro-magnet, E, and 
its other extremity is attached to the centre of a stretched 
membrane 7. A cone C*,is used to converge sound vibra- 
tions upon the membrane. When a musical note is made in 
the neighborhood of the membrane » it is set 1n vibration, the 


‘armature A is foreed to partake of the motion, and thus elec- 


trical undulations are created upon the cireuit G, Bb, E. W, 
E',G't. The armature A’ is thus thrown into synchronous 


vibration with the armature A, emitting a musical note of 


similar pitch to that which originated the vibration of arma- 
ture A. If tw> or more musical notes be simultaneously 
sounded in the neighborhood ot the cone C*. the resultant 
motion of the air is copied by the membrane x to which the 


‘armature A is attached and this armature A, acting induct- 
‘ively upon the current traversing the coils of the electric mag- 


net KE. occasions an increase and diminution in its intensity. 


‘and the armature A' is thrown into vibration by the varying 


ittraction of the electro-magnet E! to which it is attached, 
and thus imparts to the air at 7! a fac-sunile copy of the mo- 
tion of the air that acted upon the membrane xz; hence two 


45 
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‘or more musical notes or telegraphic messages can be sent 


. 
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‘simultaneously along a single cireuit from one station to 


‘ another by means of one instrument at each station. 


“ Tnstead of the cone membrane and armatnre: shown in fig- 


‘ure 19, a plate of thin steel, such as is shown at A%, in figure 


‘Ol of the drawings hereunto annexed, may with greatly in- 


, ereased advantage he used aS ah armature ; the vibrations of 


‘the plate in front of the magnet occasioned by the motion of 


‘the air during the production of a sound changes the inten- 


; sity of the current as hereinbefore deseribed, and oceasions ‘ 


‘ similar motion in a similar steel plate in tront of another elee- 


‘ tro-magnet at another station in the circuit. Such a plate is 


‘shown in figure 20 and marked A®, it being attached toa 


“frame Fr. The telephones shown in figures 21 to 26 are o 


‘the kind shown in figure 20. ‘This invention is not limite 


i’ 
| 


‘however, to the use of a steel plate, but includes within its 


. scope any equivalent plate capable ot inductive action Upon it 


* Current of electricity. In this plan an operator at station. 


© 
©. 


© 
© 


fioure Si. may send a telegraphic message on a certain pitch 


while another operator at another station, sav figure 22, is 


‘transmitting another message on a different pitch, and both 


‘sounds will be audible at all the stations in the circuit. 


° 
~~ 


“The receiving operator will pav attention to signals of only 
one pitch; hence, by this plan the simultaneous transmission 


‘of a number of telegraphic messages Over a single circuit, and 


© 


‘in the same or both directions, with a single main battery for 


‘the whole circuit, and a single telephonic instrument at cach 


station is rendered possible. Whatever sound is mad nD the 


‘neighborhood of any telephone, say, T, e, figure 21, is echoed 


‘in facsimile by the telephones T. e. of all the other stations : 


c 


. 
. 


‘hence, this fourth plan is also adapted for the entirely new 
‘use of transmitting intelligibly the exact sounds of articulate 


oa speech. 


“ To convey an articulate message, it is only necessary for 


1 the operator TO speak in the neighborhood of 2 i lephon : SAL 


? 


“Te, figure 21, and for the receiving operator at another in- 


© 
© 


‘strument, say, T, ¢, figure 25, to listen. 


“ All the methods of producing undulatory currents of elec- 
tricity hereinbefore described may be employed in producing 


“the undulations by which to transmit articulate messaves. 


* 


For instance, the vibrations of a membrane may cause a pla 
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“ tinum wire to vibrate in water or other liquid of high resist- 
“ ance included in the cireuit, and hence will occasion changes 
‘in the intensity of the current, traversing the cireuit propor- 
‘“ tionalto the changes in the density of the air, which originally 
‘“ oave rise to the vibrations of the membrane, and hence'the 
“ sounds uttered in the neighborhood of that membrane will be 
‘“ reproduced from a telephone on a distant part of the circuit. 

“Tn the fifth plan-of the invention, illustrated in figures 
«94, 25, and 26, which is not claimed further than is indicated 
“by the claims made in the claiming clauses hereunto annexed, 
“the battery is omitted and a permanent magnet M? is sub- 
“ stituted for the soft iron core of the electro-magnets used in 
‘the other telephones, or the coils shown in figures 24, 25 and 
«26, may be induction coils of usual construction, local bat- 
‘“teries being placed in circuit with the primary wires, so as to 
‘ magnetize the soft iron cores of the coils. The undulations 
‘induced in the secondary wires by the vibration of the plates 
‘“ AS’ being directed upon the line wire. 

“The sixth plan of the invention, to which no claim is 
made otherwise than in the claiming clauses hereunto an- 
‘“nexed, is represented in figures 27,28 and 29. Figure 27 


° 


“being a side view of the receiving instrument R, having a 
“magnet E and armature A, as before described, and provided 
‘also with a vibratory cirewt breaker V. This circuit breaker 
“is designed for the purpose of enabling the armature A to 
‘open or close a local circuit through the medium of the cir- 
‘euit breaker V. This cireuit breaker consists of a light metal- 
‘he lever, normally resting upon the point 5, preferably ad- 
‘“justed, so as to close a local circuit. The extremity of the 
“ circult breaker overhangs the free end of the armature A. 
“ When the armature A is thrown into vibration by the action 
“of rmagnet E, the circuit breaker is lifted from the point 5, 
‘and it does not return until the cessation of the vibration of 
the armature A. 

‘Tn figure 28 an arrangement is shown whereby the lfting 
of the cireuit breaker V opens a local cireuit in which is 


¢ 


placed a Morse sounder 6 or other electrical apparatus. 
“In figure 29 the circuit breaker V normally ‘ short cir- 
‘cuits’ the battery B, cutting off the current from the Morse 


‘“ sounder 6 or other apparatus, so that the lifting of the cir- 


cuit breaker V permits the current from the battery B to 
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actuate telegraphic instrument 6. The vibrating circutt)\ 
breaker V may be changed in construction, it only being nec¢ 
essary that it have normally a slower rate of vibration than 


‘the armature A by which it is vibrated. 


“ Figure 50 represents an arrangement of transmitting in- 


struments T, T!,T?, &., and receiving instruments R, R', &e., 
and vibratory circuit breakers V, V!, &c., similar to those 


‘shown in figures 1, 2, 27, designed to produce automatically 


at the receiving end of the line a facsimile of whatever char- 
acters or marks are presented at the transmitting ends. In 
this plan the messages or marks to be copied may be written 
or printed in non-metallic ink on a metallic surface F, 9, 
shown in dotted lines (preferably tin foil), or impressed upon 
the same. This metallic surface is placed upon a suitable 
metallic support $8, preferably made as a roller, having its axis 
at 7 connected with the battery Band the earth G. At the 
receiving end a similar support S! is connected in circuit with 
the battery B! and the vibratory circuit breakers V, V1, V?,«e., 


and on this support is placed a plece or strip of chemically 


‘prepared paper P, a, shown in dotted lines. 


“The metallic surface FI’, 0, on which is written the message 
to be transmitted is moved between the support S and the 
ends of a series of wires 8, 9,10, 11, 12, 13, &e.. such ends 
being held by a non-metallic holder or bar 14. The wires 8, 
9,10, &c., communicate with the armatures « of transmitters 
T, T!, &e., similar to the transmitter T, shown in figure 1. 

“ At the receiving end of the cireuit the ends of a similar ar- 
rangement of wires 15, 16, 17, 18, 19, and 20 are held in place 
by a non-metallic holder 21, so as to rest upon the chemically 


, prepared paper Pr dd. 


“The metallic surface, f 0, and the chemically prepared 
paper, P a.are each moved in the direction of the arrows 
under their respective series of wires. but not necessarily at 


‘equal speed, and the characters or marks on the foil are 


copied on the prepared paper. 
“When the end of any of the wires at the transmitting 


‘end, say wire 8, rests upon the metallic foil, a communication 
‘as established between the battery Band the armature a of 


“the transmitter T; the platinum rivet 7, as before deseribed, 


° vibrates and makes and breaks contact with the point 714, SO 


‘that an intermittent current of electricity appears upon the 
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line wire W. So long then as the wire 8 rests on the metallic 
surface F 0, the currents of ¢ pass through 7, 8,8 F 0, 8, 7, 


‘m, to the line wire W, and thence by branches through the 


‘ yeceiving instruments R, R', &c., to the earth at G'. 


‘unison with the armature a of the transmitter T,is thrown 
‘into vibration by the passage of the intermittent current but 
‘the armatures of the other transmitting instruments R!, R*, 
‘ &ec., having a different rate of vibration from the armature of 


‘ of its vibration lifts the spring lever V, breaking the circuit 
‘B!, S'1, P a, 16, V, B'. 


© 


¢ 
r 


40) 


© 
¢ 


© 
. 


¢ 
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‘T is broken, the receiver R becomes silent, the spring lever V 
‘deseribed, and a mark is made upon that part of the chem1- 
‘cally prepared paper P a, under wire 15. 

‘wire 15. 


“ connection with ordinary systems of chemical or autograph 


0 


~ 
e 


‘ of the insulated wire 25 may surround soft iron cores or pole 


‘magnet 24. The cores or pole pleces are placed near the face 


‘'T. do not respond. 


‘telegraphs may be used. 


‘ of the metallic plate A’, it bemg attached to a cup-shaped j 


“The armature of the receiving instrument R, which is in 


») 


“ The armature of the receiving instrument R in the course 
P am] 


So long then as the end of the wire 


8 rests upon the metallic surface F 0, the local cireuit in 
which the wire 15 is placed remains open, and thus no mark 
is made upon the paper P a, under wire 15. 

“ When, during the movement of the metallic surface F 0, a 
portion of the non-metallic nk comes under the end of the 
wire 8 the connection between the battery B and transmitter 


Re ae 


returns to its normal position, closing the circuit above 


‘“ Each wire 9, 10, &¢., operates in a like manner to the wire 
8, and the wires 16, 17, 18, &c., operate as described for 


‘Any of the ordinary chemically prepared paper used in 


‘“ Referring again to the fifth plan, the magnet may be of the 
horseshoe form as shown at 24,1n Fignre 31, and the coils of 


~~ 


pieces 26 screwed or otherwise, fastened to the ends of the 


wel 


‘ block 28, having a central orifice, 29, for the reception of a 


‘ speaking or hearing tube to convey sounds to or from the 


” plate A3, 


‘jn suitable grooves in the base, 31, by means of a screw, 32, 


‘“ having its end connected with the stand, the body of the 


“ The magnet is attached to a stud, 30, adapted to be moved 
319) 
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‘“serew being fitted to turn in a screw threaded stud. 
“movements of the screw are just the distance between 
“pole of the magnet and the plate A®, and permit the poles to 
“be placed almost in contact with the plate. The coils may be 
“ placed about the end of the magnet 24, and the soft iron pole 
” pleces be omitted. 

“ Figure 52 represents in perspective a telephone of the kind 


© 
e 


shown in Figure $1, when placed within a sounding box 33. 


. 


The coils will, perferably, be very thin and be placed at the 
“ extremity or extremi ies of the magnet. One, two or more 
‘magnetic poles with coils may be placed near a plate to in- 
" tensity the etfect. 

“The soft iron core and coil may be attached to the plate 
‘instead of the magnet, or the core may be placed upon the 
‘plate and the coil on the magnet, or vice versa the magnet 
‘may be made to vibrate instead of the plate. 

Having now described and particularly set forth the na- 
‘ture of the said invention, and the manner of carrying the 
“same into effect, L would have it understood that what I 
“claim 1s: 

“Errsv. The combination, substantially as set forth and de- 
‘ seribed respectively in the fourth and fifth plans above re- 
“erred to, but subject always tothe disclaiming notes of a perma- 
‘nent magnet (or other body capable of inductive action) with 
“a closed circuit, so that the vibration of the one shall occa- 
‘sion electrical undulations in the other or in itself; and this 

l claim whether the permanent magnet be set in vibration in 
“the neighborhood of the conducting wire forming the circuit, 
“ or whether the conducting wire be set in vibration in the neigh- 
‘ borhood of the permancnt magnet, or whether the conducting 
‘“wire.and the permanent magnet, both simultaneously, be set 
‘in vibration in each other's neighborhood. 

“ SecoND. The method of transmitting vocal or other sounds 


© 
© 


electrically by causing the intensity of an electrical current 
“ venerated as described in the fourth and fifth plans, but sub- 
‘ject always to the disclaiming notes to vary In a manner pro- 
‘portional to the variations of density produced tn the air by 
‘the said sounds. 

“ Tuirp. The method of transmitting vocal or other sounds 
‘electrically by causing the intensity and polarity of an elec- 
“trical current generated as described in the fourth and fifth 
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<a 35 “plans, but subject always to the disclaiming notes, to vary in 


“~ 
o~ 


yr VSS ~ “a manner proportional to the velocity and the direction of 
motion of the particular air during the production of the 
rounds. 

“ FourtH. The union upon and by means of an electric cir- 
‘“ cuit of two or more telephones when constructed for opera- 
“tion, substantially as described im the fourth and fifth plans, 

40 “but subject always to the disclaiming notes, so that if the 
‘plate armature of any one of the said instruments be moved 
‘in any.manner the armatures of all the other telephones upon 
“the same circuit will be moved in a like manner; and if the 
‘transmitter armature be moved or vibrated by sound, like 

‘sounds will be produced by the motion or vibration of the 

‘armature of the other telephones upon the circuit. 

“ Frrra. In a system of electric telegraph or telephony, 
‘“ consisting of transmitting and receiving instruments such as 
“are described in the fourth and fifth plans, but subject al- 
“always to the disclaiming notes, united upon an electric cir- 
‘ cuit, I claim the production in the armature of each receiving 
“instrument of any given motion by subjecting said armature 

50 “to an attraction varying in intensity, however such variation 
“may be produced in the magnet; and hence I claim the pro- 
“duction of any given sound or sounds from the armature of 
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“the receiving instruments, such as are above mentioned, by 
‘ subjecting said armature to an attraction varying in intensity 
“in such manner as to throw the armature into that form of 
‘“ vibration which characterizes the given sound or sounds. 
“Srxtu. The combination in the manner described in the 
fourth and fifth plans, and subject always to the disclaiming 
‘notes, of an electric magnet with a plate of iron or steel or 
“other material capable of inductive action, which can be 
5 “thrown into vibration by the movement of surrounding air, or 


“nw 
o“ 


“ by the attraction of a magnet. 
“ SEVENTH. In an electric telephone the combination with 
“the plate of a magnet having coils upon the end or ends of: 
“the magnet nearest the plate, substantially as described in 
“the fourth and fifth plans, but subject always to the disclaim- 
“ine notes. 
10 ‘“ EicuTH. In an electric telephone the combination with 
‘a permanent magnet and plate armature of a soft iron pole 
‘piece forming the core for the coil, substantially as described 
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“in the fourth and fifth plans, but subject always to the dig*)/ 


‘“ claiming notes. 


‘“ In witness whereof, 1, the said Wiliam Morgan-Brown, 
“have hereunto set my hand and seal, this twenty-fourth day 
“of January, in the year of our Lord one thousand eight hun- 

15 “ dred and seventy-eight. 
“ Wiit~t1aM Morcan-Brown. . [L. 8.]’ 


To the Commissioners of Putents for Inventions ° 


I hereby grant my fiat, civing leave to the above-named 
Wilham Morgan-Brown to tile in the Great Seal Patent Office 
20 with the specification to which the same relates, the above 
written disclaimer and memorandum of alteration. 
JOHN HOLKER, 
Attorney-General. 
Temple, 12th February 1878. 
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No. 77. Defendants’ Exhibit, Specification of David 
Edward Hughes, Telegraphic Apparatus, &c. 


J. A. W., Sp. Exr. 
[Introduced in Case, p. 410.] 


A. D., 1863, 27th January. No. 241. 


TELEGRAPHIC APPARATUS. 


Letters Patent to David Edward Hughes, of the United Kingdom 
Electric Telegraph Company (Limited), Gresham House, Old 
Broad Street, in the City of London, Electrical Engineer for 
the Invention of “ Improvements in Means or Apparatus for 
Effecting Telegraphic Communications.” 


Sealed the 21st July, 1863, and dated the 27th January, 1865. 


Provisional Specification left by the said David Edward Hughes at 
the Office of the Commissioners of Patents with his Petition 
on the 27th January, 1865. 


I, Davin Epwarpd Huaues, of the United Kingdom Elec- 

5 tric Telegraph Company (Limited), Gresham House, Old 

Broad Street, in the City of London, electrical engineer, do 

hereby declare the nature of the said invention for “ Iinprove- 

ments in Means or Apparatus for Effecting Telegraphic Commu- 
nications,” to be as follows: 

The improvements relate, first, to means for regulating or 

10 governing the motion of apparatus employed when recording 

telegraphic communication. Upon one of the main axes of 

such apparatus L apply a fly or balance wheel, and opposite 

the end of this axis, but held somewhat inclined to it, I apply 

an elastic and weighted rod, capable of vibrating in a rotary 

direction when acted upon by an arm or connection from the 

main axis referred to. The vibrations thus obtained regulate 

and render uniform the motions of the apparatus without the 

necessity of an escapement. The position of the weight on the 

vibrating rod is capable of being regulated to the speed desired. 

To prevent breakage of this vibrating rod by the extent of its 
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vibrations, a pad or friction surface is brought into operat 

5 upon a friction band or surface as the vibrations incrcase jp 
order to use up the surplus force exerted. ) 

Secondly, the improvements relate to means for facilitating 

the ready change from one class or character of recorded sign 

or indication to another, as from letters to figures. For this 

purpose the periphery of the type wheel is arranged with the 

desired different signs thereon in alternate order, and this 

wheel is affixed to a hollow shaft or boss which receives the 

10 hollow shaft or boss of a correcting or adjusting wheel, having 

teeth on its periphery corresponding with those of one set of 

signs on the type wheel or the intermediate positions thereof. 

The outer end of an arm from the axis of the type wheel passes 

into a recess in a lever turning upon an axis carried by the cor- 

recting or adjusting wheel, and this lever is formed at its oppo- 

15 site ends with projections adapted respectively to fill up spaces 

opposite those between the teeth of the correcting or adjusting 

wheel. The pressing in of one end of this lever will cause the 

teeth of the correcting or adjusting wheel to be coincident with 

one set of signs on the type wheel, and the pressing in of 

the opposite end of the lever causes the type wheel to be 

20 moved partly round on its axis, so that the intermediate signs 

are then coincident with the teeth of the correcting or adjusting 

wheel. One or the other end of this lever is pressed inwards 

at the times desired to effect a change when the apparatus is 

set in motion by the passage of a current of electricity brought 

25 into operation by acting on one or the other of particular keys 

corresponding with the relative position of the type and cor- 

recting or regulating wheels. 

The improvements relate, thirdly, when using the power of a 
permanent magnet in connection with an electro-magnet in 
manner of the character described in the Specification of Letters 

30 Patent, granted respectively to Joseph Camp Griffith Kennedy, 
bearing date the llth of September, 1855, No. 2058, and to 
myself, bearing date the 27th of Apmil, 1858, No. 938, and con- 
sist In connecting the armature through a small local battery to 
one wire of the electro-magnet, and in connecting the other wire 
of the electro-magnet with a stud or projection in position to be 

35 acted upon by the armature when that is raised. By thes 
means, upon the passage of a current of electricity into the 
electro-magnet the armature is at once released, when the cur- 
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rent of electricity, in place of continuing through the coils of 
the electro-magnet, flows by way of the armature and through 
the local battery to the main wire, at the same time the tend- 
ency of the local battery is to restore the magnetism in the 
cores of the electro-magnet. 3 

Also my improvements relate to levers 4? of the character 
referred to in the latter specification of letters patent as grant- 
ed to me. In such former specification the surface of such 
lever 4? for operating on-the pins of the circle is shown only to 
extend over a surface equal to that. of two pins, and I now 
find it important for the purpose of insuring a sufficient flow of 
electricity for considerable length of wire, and, when working 
with high speeds, to the type wheel, that the duration of con- 
tact of the contact surface employed may be equal to the 
passage of three or more letters of the type wheel. 


IFICATION in pursuance of the conditions of the Letters Patent, 
filed by the said David Edward Hughes in the Great 
Seai Patent Office on the 27th July, 1863. 


To ALL WHOM THESE PRESENTS SHALL COME, I, David Edward 
Hughes, of the United Kingdom Electric Telegraph Company 
(Limited), Gresham House, Old Broad street, in the City of 
London, Electrical Engineer, send greeting : 

Whereas, Her Most Excellent Majesty Queen Victoria, by 
her Letters Patent, bearing date the twenty-seventh day of 
January, in the year of our Lord one thousand eight hundred 
and sixty-three, in the twenty-sixth year of her reign, did, for 
herself, her heirs and successors, give and grant unto me, the 
said David Edward Hughes, her special licence that I, the said 
David Edward Hughes, my executors, administrators and 
assigns, or such others as I, the said David Edward Hughes, 


my executors, administrators and assigns should at any time 
agree with, and no others, from time to time and at all 
times thereafter during the term therein expressed, should and 
lawfully might make, use, exercise and vend, within the United 
Kingdom of Great Britain and Ireland, the Channel Islands 
and the Isle of Man, an invention for “ Improvements in Means 
or Apparatus for effecting Telegraph Communications,” upon 
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the condition (amongst others) that I, the said David Edwaye 
Hughes, my executors or administrators, by an instrumént inj 
writing under my, or their, or one of their hands and seals, 
should particularly describe and ascertain the nature of the 
said invention, and in what manner the same was to be per- 
formed, and cause the same to be filed in the Great Seal Patent 
Office within six calendar months next and immediately after 
the date of the said letters patent. 

Now know ye, that I, the said David Edward Hughes, do 
hereby declare the nature of the said invention, and in what 
manner the same is to be performed, to be particularly de- 
scribed and ascertained in and by the following statement there- 
of, that is to say : 

The improvements relate, first, to means for regulating or 
soverning the motion of apparatus employed when recording 
telegraphic communication. Upon one of the main axes of such 


apparatus I apply a fly or balance wheel, and opposite the end 


of this axis, but held somewhat inclined to it, I apply an elas- 
tic and weight rod capable of vibrating in a rotary direction 
when acted upon by an arm or connection from the main axis 
referred to. The vibrations thus obtained regulate and render 
uniform the motions of the apparatus without the necessity of 
an escapement. The position of the weight on the vibrating 
rod is capable of being regulated to the speed desired. To pre- 
vent breakage of this vibrating rod by the extent of its vibra- 
tions a pad or friction surface is brought into operation upon a 
friction band or surface as the vibrations increase, in order to 
use up the surplus force exerted. 

Secondly, the improvements relate to means for facilitating 
the ready change from one class or character of recorded sign 
or indication to another, as from letters to figures. For this 
purpose the periphery of the type wheel is arranged with the 
desired different signs thereon in alternate order, and this 
wheel is affixed to a hollow shaft or boss which receives the 
hollow shaft or boss of a correcting or adjusting wheel, having 
teeth on its periphery corresponding with those of one set of 
signs on the type wheel, or the intermediate positions thereof. 
The outer end of an arm from the axis of the type wheel passes 
into a recess In a lever turning upon an axis carried by the cor- 
recting or adjusting wheel, and this lever is formed at its op- 
posite ends with projections adapted respectively to fill up 
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spaces opposite those between teeth of the correcting or ad- 
justing wheel. The pressing in one end of this lever will cause 
the teeth of the correcting or adjusting wheel to be coincident 
with one set of signs on the type wheel, and the pressing in of 
the opposite end of the lever causes the type wheel to be moved 
partly round on its axis, so that intermediate signs are then 
coincident with the teeth of the correcting or adjusting wheel. 
One or the other end of this lever is pressed inwards at the 
times desired to effect a change, when the apparatus is set in 
motion by the passage of a current of electricity brought into 
operation by acting on one or the other particular keys corre- 
sponding with the relative position of the type and correcting 
or regulating wheels. 

The improvements relate, thirdly, when using the power of 
a permanent magnet in connection with an electro-magnet in 
manner of the character described in these specifications of 
letters patent, granted respectively to Joseph Camp Griffith 
Kennedy, bearing date the 11th of September, 1855, No. 2058, 
and to myself, bearing date the 27th of April, 1858, No. 938, 
and consist in connecting the armature through a small local 
battery to one wire of the electro-magnet, and in connecting 
the other wire of the electro-magnet with a stud or projection 
in position to be acted upen by the armature when that is 
raised. By these means, upon the passage of a current of 
electricity into the electro-magnet, the armature is at once re- 
leased, when the current of electricity, in place of continuing 
through the coils of the electro-magnet, flows by way of the 
armature and through the local battery to the main wire, at the 
same time the tendency of the local battery is to restore the 
magnetism in the cores of the electro-magnet. 

Also, my improvements relate, fourthly, to levers #? of the 
character referred to in the latter specification of letters patent 
as granted to me. In such former specification the surface of 
such lever 4? for operating on the pins of the circle is shown 
only to extend over a surface equal to that of two contact pins, 
and I now find it important for the purpose of insuring a suffi- 
cient flow of electricity for considerable lengths of wire, and 
when working with high speeds to the type wheel, that the 
duration of contact of the contact surface employed may be 
equal to the passage of three or more letters of the type wheel. 

But that the improvements may be better understood, I 
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will proceed, by the aid of the accompanying drawings, more 


fully to describe the same. 


DESCRIPTION OF THE DRAWINGS. 


Figure 1 represents a side view, partly in section; figure 2 


a plan view, and figure 3 an end view of parts arranged to the 


first part of my improvements. 

a indicates parts of the framing ; 4 a fly or balance wheel 
affixed on one of the main axes of the apparatus employed in 
recording telegraphic communications ; and, supposing these 
improvements apphed to apparatus such as described in the 
specification of letters patent granted to me, bearing date 
the 27th day of April, 1858, No. 938, such fly or bal- 
ance wheel will represent the fly or balance wheel Z there 
referred to, as affixed on the axis 2! of that apparatus, but 
this may be varied; ¢ is an elastic rod, one end of 
which is fixed stationarily at c', whilst the other end 
passes through an eye 7/', attached to the piece of thick leath- 
er, or other suitable elastic material 7, which is affixed to the 
boss e between the plates él and e? aftixed thereto. by which 
the end of the leather ¢ carrying the eye /', will, when the 
apparatus is at rest, lie on the plate ¢!, and when the apparatus 
is in motion the leather 7 will be restrained by the plate e?. 
The boss ¢ carries a pin or axis ¢*, which turns ina hole formed 
for it in the end of the arm e* affixed to the axis 71; f is a 
weight capable of sliding on the elastic rod c, and of being held 
in any desired position thereon by its being affixed to the rod 
J‘, to which is affixed the rack 7?, the teeth of which are taken 
into by the teeth of the pinion #°, by which that rack is moved 
so as to move the weight falong the rod ¢. The boss e also 
supports the arms g and /; the arm gis furnished with a pad 
y' of cloth, leather, or other suitable material, which in the 
rotary vibrations of the outer end of the rod ¢ is brought to 
bear against the inside of the stationary rim «! affixed to the 
framing «, and the arm g is drawn towards the flang @! by means 
of the spring /! acting on the arm /. By this means, as the 
fly or balance wheel / revolves, motion will simuitaneously be 
siven to the weight 7, which, by acting on the rod ¢, and thence 
through the strap or band 7 upon the boss e and the friction 
arm g, will cause an increase of friction upon that arm, in pro- 
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portion to the amount of force exerted by the tendency to in- 
crease the arc of vibration of the rod c, resulting from any in- 
crease of motive power exerted upon the apparatus, by which 
the effect of such power will be rendered uniform. By altering 
the position of the weight f along the rod c, the number of vi- 
brations of that rod in a given time will be varied, so as to regu- 
late and render uniform the speed of the mechanism to which it 
is connected in relation to another or other instruments with 
which it may be desired such mechanism should work in uni- 
son. 

Figs. 4 and 5 shew a slight modification of the parts for 
holding the loose end of the elastic rod ¢, by the substitution of 
a rigid or only slightly elastic piece of metal / for the flexible 
material already referred to, and the application of a friction 
spring e* affixed to the arm ¢* with its loose end pressing on the 
boss e with a tendency to retard its movement. 

Fig. 6 shews aside view, Fig. 7 a front view, Fig. 8 a back 
view, and Fig. 9 a section of parts arranged according to the 
second head of the invention. 71s a type wheel for printing 
telegraphic communications, in manner such as described in the 
specification of letters patent referred to or otherwise ; but, 
according to my present improvements, the periphery of this 
wheel is formed alternately into signs of a different character 
as letters and figures, and in place of this wheel being formed 
on or affixed to the same boss as that to which the correcting 
or adjusting wheel is affixed, as explained in the said 
specification of letters patent cranted to me, the type 
wheel / is affixed to the tube or hollow axis 7!, which 
receives upon it the boss 7! of the correcting or adjust- 
ing wheel 7. To this hollow axis 7! of the type wheel 7 1s also 
affixed the lever of arm 7”, the outer end of which is received into 
a recess, as Shewn in the lever 73, whichis capable of moving on its 


axis of motion 74, carried by the correcting, or adjusting wheel 


j. The effect of a depression of either end of this lever 74 


towards the centre of the wheel / is to cause the type wheel 7 to 
make a slight movement on its axis in relation to the correcting 
or adjusting wheel 7, in a direction dependent upon which end 
of the lever 7? is depressed, and the amount of movement thus 
obtained is equal to the distance between one sign and the 
next, or from one character of sign to the other on the type 
wheel, and the depression of one or the other end of the lever 
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(3 is obtained by causing the cam or tappet / to act at the timé 


desired, in manner such as described in respect of the tappet 7° of 


the said former specificatior: of letters patent granted to me, and 
for this purpose I make use of two finger or releasing keys, one 
to cause the tappet 4 to act on one end of the lever ¢® and the 
other on the other end thereof, according to the direction of 
the change desired, as from figures to letters, or from letters to 
figures, or from one to any other sign. 

Figure 10 shows by a diagram an illustration of the third 
part of my improvements. «@ represents a portion of a line 
wire; 4 the electro-magnet; ¢a wire passing therefrom to the 
axes c! of the contact maker in apparatus of the character of 
that referred to as being described in the said specification of 
letters patent cranted to me, No. 938°; dis one of the finger 
keys, by which contact is obtained; and ¢ is a wire therefrom 
to one pole of the main battery 7, the other pole of which 
is by the wire g in connection with the earth plate 2; 7 is the 
armature affixed to the lever ¢', which turns upon an axis 7”, 
and is by the wire 7 in communication with one pole of a small 
local battery 4, the other pole of which is in metallic connection 
with the wire « by means of the wire /. m is a stud carried by 
one end of the lever nz, which is capable of turning upon an 
axis 7z!. The axis 7! is by means of a wire pm metallic connec- 
tion with the axis ¢c! of the contact maker, and the stud a is in 
metallic contact with the armature ¢. When, from electricity 
being caused to flow through the line wire vw, the armature 7 is 
repelled from contact with the electro-magnet 4, the current 
of electricity, in place of continuing through the coils of the 
electro-magnet 6, will flow by way of the armature 7, and 
through the local battery: to the main wire a. ‘At the same 
time the tendency of the local battery is to restore the mag- 
netism in the cores of the electro-magnet. 

The fourth part of the improvements is shown by side view 
and plan at figures ll and 12. The red lines indicate a circle 
of contact pins 7, and ¢ ¢ indicates the extended surface of the 
lever /?, adapted to be in contact with any one of the pins g, a 
period equal to the time of traversing the space cecupied by 
four of such pins; 7 m is the insulating cam acting therewith 
to force back the contact pins ¢ after each operation. 

Having thus described the nature of my said invention and 


means by which the several improvements are carried into ef- 
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+ . ” 
feét I would have it understood that I do not confine myself to 
the precise details shown and described as 5, these may be 
varied without departing from the peculiar character of such 


improvements. 


In witness whereof, I, the said David Edward Hughes, have 
hereunto set my hand and seal, this twenty-fourth day of July, 
in the year of our Lord one thousand eight hundred and sixty- 
three. 


D. E. HuGHEs. [L. 8. | 
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ELEcTrTRO-MAGNETIC TELEGRAPHS. 


Letters Patent to Joseph Camp Griffith Kennedy, of Saint James’ 
street, Piccadilly, in the County of Middlesex, gentleman, 
for the invention of “Improvements in the mode of and 
apparatus for transmitting signals by the use of the elec- 
tric current, part of which improvements is applicable to the 
regulating of machinery generally.” 


A communication. 


Sealed the llth December, 1855, and dated the 11th 
September, 1855. 


Provisional specification left by the said Joseph Camp Griffith Ken- 
nedy, at the office of the Commissioners of Patents, with his 
petition, on the 11th September, 1855. 


[, Joseph Camp Griffith Kennedy, of St James’ street, Pic- 

5 eadilly, in the County of Middlesex, gentleman, do hereby de- 

clare the nature of the said invention for ‘ Improvements in 

the mode of and apparatus for transmitting signals by the ase 

of the electric current, part of which improvements is ap- 

plicable to the regulating of machinery generally,” to be as 
follows : 

The object of this invention is to transmit printed commu- 

10 nications with greater dispatch and by a more simple arrange- 
ment of mechanism than is at present employed. 

[In carrying out this invention, clock-work is employed for 
driving the machinism, and the motion of a portion of the me- 
chanism is rendered intermittent by the detentive power of a 
permanent magnet. A series of spring levers, answering to the 
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arden of a set of stops, which indicate letters or signs, and 

ake clepressed by the operator are brought into a line with a 

row of pins, projecting from and arranged helically around a 

metal barrel, which receives a continuous rotation by means of 

clock-work. The same power also drives (at the same speed) 
» the type wheel which prints the message sent. 

At the stations which are to receive signals an electro-mag- 
net is provided, the coils of which are in connection with the 
battery atthe transmitting station. Above this magnet a perma- 
nent magnet is mounted, the same being hinged to a stand, and 
receiving a tendency, by means of aspring or otherwise, to rise 
when the attraction between it and the iron of the electro-mag- 
net ceases, which will be the case while a current of electricity 

10 is traversing the coils. The rise of the permanent magnet on 
its hinge will release the arm of a crank axle, and allow that 
axle to revolve, a weighted cord being provided for the purpose 
of drivingit. A connecting rod from the crank axle transmits mo- 
tion to a rocking frame or lever which carries the platen. At 

15 every rotation, therefore, of the axle the platen is raised and 
pressed against the type wheel. A _ travelling band of paper, 

io which passes between the type wheel and platen, takes the im- 
pression of the lowest type, the tvpe having been previously 
inked by an inking roller revolving in contact with the type 
wheel. The connecting rod which is pendent from the crank 

YAU) axle, serves to rock a lever, which, by reason of its connection 
with the permanent magnet, will draw it down into contact with 
the soft iron of the electro-magnet, and the current ceasing, it 
will retain that position and thereby stop the printing operation. 
A repetition current will, however, establish the condition 
requisite for a repetition of the movement of the platen, and - 
the letter Or sion printed will correspond to the stop touched 

20 by the operator, and thus any message may be readily trans- 
mitted. 

The frame carrying the set of spring levers which are actuated 
by the stops is connected with the opposite pole of the battery 
to that with which the electro-magnet is in connection. 

30 When the circuit is established, by the contact of one of the 
spring levers with a corresponding pin on the barrel or 
cylinder, the. current passes from the electro-magnet coils to a 
spring lever, which, being alternately upon a conducting and 
non-conducting wheel mounted on the axle of the pin barrel (as 
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that barrel rotates) returns the current through the barrel t@ 


the spring levers to the battery. 

For the purpose of shutting off those stations -which are 
not intended to receive the message, a flanged wheel is mounted 
on the axle of the printing wheel, with notches in it, corre- 
sponding to a blank on the type wheel, and a given letter de- 
noting the station. Upon this flange a spring bolt acts, and by 
its pressure stops the rotation of the wheel; but when the 
notch corresponding to the letter denoting the station is pre- 
sented to the bolt, the bolt will be thrown by a cam on the 
erank axle, before mentioned, and entering the notch or clear- 
ine the flange, the wheel will be allowed to revolve, and the 
apparatus at that station will operate, but, owing to no notch 
being presented to the bolt at other stations, they will not re- 
ceive the message. 

In carrying out this invention, it is very important that the 
speed of rotation of the printing wheel and pin barrel should 
be adjusted to a great micety. For this purpose the detent is 
actuated by a vibrating spring, the free end of which is 
weighted by a sliding weight or otherwise to ensure the proper 
speed of pulsation. This contrivance, it will be understood, is 


also applicable to the. regulating of other mechanism. 


SPECIFICATION In pursuance of the conditions of the Lette! 
Patent. fil dl hy the said Joseph Camp Garifhith Kennedy in the 
(Gireat Seal Patent Ofhice on the Lith Mareh L856. 


To ALL TO WHOM THESE PRESENTS SHALL COME: I, Joseph 


lv. of St. James’ street. Piccadilly, in the 


. 


Camp Griffith Kennes 
County of Middlesex, gentleman, send greeting : 

WHereas, Her Most Excellent Majesty (Jueen Victoria, by 
Her Letters Patent, bearing date the eleventh day of Septem- 
ber, in the year of our Lord one thousand eight hundred and 
fiftv-tive, in the nineteenth year of her ‘reign, did, for herself, 
her heirs and successors, c1ve and orant unto Ine, the said 
Joseph Caip Giiffith Kennedy, her special license that I, the 
said Joseph Camp Griffith Kennedy, ny executors, adminis- 
trators anda ASSIGHS, or such others as I, the said Joseph Camp 


Griffith Kennedy. mv executors, administrators and assigns. 
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should at any time agree with, and no others, from time to 
time, and at all times thereafter during the term therein ex- 
pressed, should and lawfully might make, use, exercise, and 
vend, within the United Kingdom of Great Britain and Ireland, 
the Channel Islands and Isle of Man, an invention for “ Im- 
provements in the mode of and apparatus for transmitting sig- 
nals by the use of the electric current, part of which improve- 
ments is applicable to the regulating of machinery generally,” 
being a communication from abroad, upon the condition 
(amongst others) that I, the said Joseph Camp Griffith Ken- 
nedy, by an instrument in writing under my hand and seal, 
should particularly describe and ascertain the nature of the 
said invention, and in what manner the same was to be per- 
formed, and cause the same to be filed in the Great Seal Patent 
Office within six calendar months next and immediately after 
the date of the said letters patent. 

Now, know ye, that I, the said Joseph Camp Griffith Ken- 
nedy, do hereby declare the nature of the said invention, and 
in what manner the same is to be performed, to be particularly 
described and ascertained in and by the following statement, 
reference being had to the drawings hereunto annexed, and to 
the letters and figures marked thereon; that is to say: 

The object of this invention is to transmit printed communi- 
cations with greater despatch and by amore simple arrange- 
ment of mechanism than is at present employed. 

In carrying out this invention, clock-work is employed for 
driving the mechanism, and the motion of a portion of the 
mechanism is rendered intermittent by the detentive power of 
a permanent magnet. 

In the accompanying drawings, Fig. 1, sheet I., shews in front 
elevation the improved electro-magnetic printing telegraph com- 
plete; Fig. 2, sheet IL, is a plan view of the same ; and Figs. 
3,4 and 5, sheet IIT., are sectional elevations, shewing the de- 
tails of the apparatus. Before entering into a detailed descrip- 
tion of the improved apparatus, I will first explain, by reference 
to the diagram, ‘Fig. 7, sheet IV., the principle of its operation. 
In this diagram, A represents an electro-magnet, situate at the 
station to which a communication is to be sent. The coils of 
this electro-magnet are connected with the earth by a ground 
wire A*, and by a line wire B with the platinum plate of the 


25 

¢ 
30 

| 
5 
10 

7 
15 


SPECIFICATION OF J. C. G. KENNEDY. 615 


battery C, which is situate at the station from whence the mess 
sage is to proceed. | 
The circuit is completed in the following manner :—A wire 

from the zine plate connects with a spring lever E, which is 
earried by a post F, and bears upon the periphery of a wheel 
G, so constructed as by its rotation to break and restore the 
circuit in quick succession. This wheel is attached to a cylin- 
der H, provided with a helical line of pins projecting radially 
from its periphery, and in front of the barrel lies a series of 
spring levers I, which, when moved into position, will come in 
contact with the pins as the barrel or cylinder H_ revolves. 
These spring levers are carried by a metal frame K, which is 
connected with the earth by a ground wire K*, an arrangement 
of levers actuated by a stop L, is provided for each cf the spring 
levers I, their object being to bring the levers I severally, as 
required, opposite a pin on the barrel, and thus to complete 
the electric circuit. Referring now again to the station which 
is to receive the message, and where the electro-magnet is 
situate, it must be explained how this temporary magnet is em- 
ployed in effecting the transmission and the printing of the 
message. M is a permanent magnet, supported by a hinge 
joint, and having a strong attraction tor the soft iron wire of 
the electro-magnet A, which attraction is, however, suspended 
on a current of electricity being passed through the coils of the 
electro-magnet ; a slight spring will then suffice to raise the per- 
manent magnet out of contact with the soft iron. This move- 
ment by rocking a lever M* connected to the magnet will set 
free the detent N of a clock escapement, and allow a crank to 
rotate and lift a lever O, that carmes a platen and thereby 
press the platen against a rotating type wheel P, the 
letters or signs on the periphery of which correspond 
to the pins on the barrel H, and come into a position 
to print simultaneously with the corresponding pins coming 
into contact with their respective spring levers I. It will thus 
be understood that on the depression of a stop L,say that stop 
which corresponds to the letter A on the type wheel, the circuit 
will be completed when that pin on the barre! which corre- 
sponds to the letter A comes round and touches the spring lever 
I, which is placed for the purpose. <A current of electricity will 
then pass to the coils of the electro-magnet, the attraction will 
cease, and the permanent magnet will rise and release the de- 
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tent. The clock-work will then cause the platen to rise and 
effect the impress of the letter A on a band of paper, which 
travels forward between the type wheel and the platen; but 1n- 
asmuch as the rotation of the barrel H is continuous, the con- 
tact of the pin and the lever will be but momentary; the current 
will therefore be quickly broken, and the permanent magnet 
wil] return to its depressed position, the depression of another 
stop will again send a current of electricity through the coils of 
the magnet, and the printing action will be repeated, the paper 
being pressed by the platen against that letter on the type 
wheel which corresponds to the lepressed stop. 

Having thus explained the principle of action of the im- 
proved apparatus, I will proceed to describe the mechanism in 
detail. 

In sheets [., IL. and III. A is an electro-magnet, 
above which is mounted a permanent horseshoe magnet 
b, carried by a cross’ bar 6b, which rocks on the centre 
pins 4! 41, projecting from pillars or supports 67. Pendant 
from this cross bar 4 is an arm 4°, to which one end of a coiled 
spring h4 is attached, the other end beine connected by a cord 
to a hold-fast or tightening screw 6°? in the table of the instru- 
ment. On the transmission of a current of electricity through 
the coils of the electro-magnet, the powerful magnetic attraction 
which naturally exists between the permancnt magnet and the 
soft iron of the electro-magnet will be suddenly suspended, and 
the coiled spring 44 will draw up the horseshoe magnet B to 
the dotted position of Pig. 6, sheet Lil. A screw ¢, attached 
to one end of a rocking lever C, whose fulerum pin is carried 
by the pillars ¢', bears upon the magnet B, it being held in con- 
tact therewith by the downward tendency imparted to it by the 
coiled spring c?. The opposite end of the lever C to that which 
carries the bearing screw ¢ forms a stop to the detent lever d 
of the crank shaft D. From the crank of this shaft a rod d@! is 
pendant, and from the rod ¢? hangs a chain ¢?, which supports 
one end of a rock lever 7°, whose fulcrum pin IS carried by the 
pillars ( rs The opposite end ot the rock lever [3 is connected 
to a draw rod d4, pendant from the cross bar of the permanent 
magnet B, and intended to draw down the magnet (when ele- 
vated) into contact with the electro-magnet. The spring c? 
connects the two levers C and ¢@3 together. ‘To a bracket bear- 
ing from the main-framing of the instrument one end of a bar 
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eis jointed, and the other end is jointed to the pendant rod 
d'; to this bar a platen Ib is attached by means of a binding 
serew, which renders it capable of adjustment to suit the type 
wheel F, which is mounted just above it, and in its revolution 
brings the several letters of the alphabet or other arbitrary 
symbols Immediately above the platen, A strip Or band ot 
paper g (kept at tension by any suitable contrivance) passes 
from the paper roller G, between the platen and the type wheel, 
and thence out of the instrument, it being drawn forward by 
the bite of the rotating wheel g? against the cushion roller g*. 
It will now be understood that if a. tendency 1s given to the 
erank shaft D to rotate, by reason of its connection with a clock 
movement, as will be presently explained, the aetent lever ¢ will, 
immediately it is released from the lever C, fly round in the direc- 
tion of the arrow, Fig. 1, and raise the pendant rod d@'!. This 
movement of the rod d@! will draw up the lever e, and, forcing 
the platen against the type wheel, wall produce cl) imprint upon 


the paper band of the lowest letter on that wheel, the rise of 


the lever e being assisted by the upward pressure of the spring 
e1. which is affixed to the framing of the instrument, and bears 
against the under side of the bare. Immediately following 
upon this sudden movement of the detent arm ¢, will be the 
rocking of the lever 73 and the depression of the magnet B (by 
the downward tendency of the draw rod (i+) into eontact with 
the electro-magnet x. in which position it will he held firmly 
until a current of electricity is again passed through the coils 
of the electro-magnet; a repetition of the above described 
movements will then take place. 

For the purpose of transmitting messeges to and fro between 
two given places, it will be understood that two instruments 
will be required (one at each station), which instruments must 
be so coustructed and arranged as to work in harmony, and per- 
mit of currents of electricity passing to and froin opposite direc- 
tie IS in fi yb Wil ne sec Tie ls ( »f t im S GW. in Ot it ‘Tr WoO! cl aS ¢ yf two 
messages being sent from opposite ends of the same lin ewire 
by the alternate action of the two instruments. 

| will now deseribe in detail the mechanism employed tor es- 
tablishing and breaking the circuit ina manner that will pro- 
duce the imprint of any given letter, as already explained, on a 
traveling band of paper. H is a metal barrel or cylinder, pro- 
vided with radial pins /, which are set helically around it, and 
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4n *\ \ \ are equal in number to the number of signs intended to be in- 
. dicated. A continuous rotary motion is imparted to the barrel 
; H, by means of clock-work, to be hereinafter described, and 
thus the pins / will be each in their turn brought into 
10 carries at one 


a 


line 


with a set of spring levers 41, which are jointed to a metal frame 
J, that is connected with the earth plate wire. 
end a notched wheel or 


The barrel H, 
* circuit breaker I, on 
which a spring lever K presses, and this lever is in metallic con- 
nection with the main conducting wire of the telegraph. 
sulated from the barrel H, but revolving with it, is a second 
notched wheel or circuit breaker J 
15 


In- 
which contact 
nately ) is continually broken and renewed. 


Me comes 1n 
with the spring lever as the wheel [I passes out of contact, and 
thus a circuit (for currents running in opposite directions alter- 


spring levers /' nearest the barrel rest upon a notched bar /?, 
20 


The ends of the 
shown detached at Fig. 6, sheet IL1., and standing up between 
them are levers /? (Fig. 5), which are caused to rock on their 
fulcra by means of draw rods /4. 
tuated by the bell-crank levers /° 


or other arbitrary sign. 


These draw rods are ac- 
3 
stops 4°, answering respectively to some letter of the 


which carry their respective 


*. 
= 


alphabet 
sy depressing a stop /® the 
corresponding thereto, will push forward the spring lever /', 
eontiguous to Ht, and it will then fall from the shoulde1 
pin on the barrel. 


lever h3, 
on which 
it rested to a lower part of the notch, and he in a line with a 


As this pin comes round, it will touch 
spring lever /', and the circuit will be complete. 


E 


stant a letter or sign on the type-wheel F, at the signal receivin 
magnet A at that station, the attraction between the two mag- 
, to 


a 

At this in- 

ex 

- 

station, will have been presented to the paper band, and a cur- 

rent of electricity having now entere l the coils of the electro- 
nets will for the moment cease. 


The detent arm ¢ will there- 
fore be released, and the crank shaft D will cause the platen 
rise and effect the imprint desired upon the paper. 
The continuous rotation of the barrel H will now cause the pin 
i, in contact with the spring lever /', to raise that lever out of 
the lower part of the notch of the plate /? 


and the lever will 
then by its own elasticity spring forward and rest upon the 


shoulder from which it was pushed by the lever /3. 


The eir- 
euit will then be broken, and the detent arm of the instrument 


at the other end of the wire will be again held fast, by reason 
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of the attraction being again established between the nual 
and temporary magnets, 

It now remains to be explained how a return message can be 
transmitted between the intervals that must necessarily elapse 
between the following signals of the same operator. By refer- 
ence to the diagram, Fig. 8, sheet IV., the arrangement of the 
wires for connecting the operations of the two instruments will 
be clearly seen, one instrument being supposed to be situate at 
London and the other at Birmingham. A A are the electro- 
magnets, connected permanently by a-wire 1 with their respect- 
ive circuit breakers I*, and with the earth by a wire 2. The 
suspended lne wire 3 is connected at either end with the 
spring levers K K, and the metal frames which carry the spring 
levers /', that bear against the radial pins / of their respective 
barrels H, are connected with the earth by the wires 4 4. In 
order, therefore, to send a message from Birmingham to Lon- 
don wlile the attendant is operating at London, as above de- 
scribed, the attendant of the Birmingham instrument has 
merely to depress a stop, and the current will pass along the 
line wire 3 to London, enter the instrument at the lever K, pass 
thence to the wheel 1* (the lever K being at that moment in 
metallic contact with that wheel), and so to the electro-magnet 
A. The attraction will then cease between the electro-magnet 
and the permanent magnet of the instrument, and the printing 
action will then take place. In order to ink the printing sur- 
face of the type-wheel F, it 1s caused to revolve in contact with 
a flanged inking roller 7, which is borne up against it by a 
spring 7'. Before transmitting a message to a distant station, 
it will be necessary to exclude all the other instruments which 
are in connection with the line wire from receiving and record 
ing the message. For this purpose the following contrivance is 
provided in each instrument: L is a sliding bolt, capable of 
being moved towards the flange of a cog-wheel, M, bv means 
of a cam 7°, attached to the crank shaft D. This wheel M is 
mounted on the axle of the type-wheel and revolves with it. 
The flange of the cog-wheel M has a slot opposite the blank on 
the type-wheel F, and also another slot opposite any given let- 
ter which designates the station to which the instrument be- 
longs. Thus, for example, the Jetter A may represent London, 
the letter B Birmingham, and the letter C Coventry. The first 
action of the electro current is to start all the instruments on 
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the route, and at the same time to move the bolt L nearer to 
the flange of the wheel M. The next movement of the crank 
shaft D will send the bolt L against the flange M; or, if a slot 
be opposite the bolt, the latter will pass through, and, being in 
form properly adapted to the flange, will permit the instrument 
to run; but if no slot is opposite the bolt the same is forced 
against the flange, and the revolution of the wheel is stopped 
by friction of contact. Suppose, then, it is desired to commu- 
nicate from London to Birmingham, to the exclusion of Cov- 
entry: both instruments being ready to receive, the first closing 
and breaking of the circuits starts all the instruments at the 
same time, and by the first revolution of the crank shaft the 
bolt in each approaches to the flange. The next breaking and 
closing of the circuit, if effected while the slot in the Buming- 
ham instrument is opposite the bolt, forces the bolt through 
the slot, does not suspend the operation of the instrument b, 
but no slot being opposite Bin the instrument at Coventry, 
the corresponding bolt there is forced against the flange, 
and instantly suspends the movement of the wheel. The 
clock-work mechanism tor driving the crank shaft and 
the barrel and ty pe-wheel consists of two distinct trains, 
which are operated by weighted cords 1, 1* (see the detached 
sectional view, Fig. 4, sheet IIL) wound around their respective 
barrels, 2, 2%. On the axle of the barrel 2 is a coz wheel 3, 
which gears into and drives a pinion 4 on an arbor 5, 
which carries also a wheel 6. This wheel 6 gears with a 
pinion 7 on an arbor 8, which also carries a cog wheel 9, 
that gears into a pinion 10 on the crank shaft D, and 
thereby drives that shaft as soon as its detent arm d is re- 
leased from the tail of the lever C, as already explained. 
A cog wheel 11 on the arbor 5 gears a pinion on the hub of 
the wheel g?, and thereby gives to that wheel an _ inter- 
mittent motion, which is communicated to the band of paper 
that is to receive the printed message. The move- 
ment of the train of wheels which drives the barrel H and type 
wheel F is regulated by an escapement which, while it per- 
mits of the continued rotation of the wheels, will prevent 
the weighted cord 1* on the barrel 2* from running down sud- 
denly. On the axle of this drum is a cog wheel 3* which 
gears into a pinion 4* on the arbor of which is a wheel 5*.: This 
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wheel 5* gears into a pinion, mounted on an arbor which 
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carries a cog-wheel 7* in gear with a pinion on the arbor 
8” of the type wheel. An escape wheel 9* is keyed to this 
arbor, and into the teeth of the wheel the pallets of the 
pallet lever 10* take. The pallet lever works on a fulcrum 
pin 11*, and attached to its outer end is a rod, which con- 
nects it with a vibrating string 12“ secured at one. ex- 
tremity to the framing of the instrument. The impulse com- 
municated to the pallet lever by the escape wheel is com- 
municated by the rod 11* to the spring 12*, which, being 
thereby set in vibration, will act like the pendulum of a 
clock, and effect alternately the release and re-engagement 
of the escape wheel. A shifting bar 13* is provided for de- 
termining the extent of vibration of the spring J2*. This 
arrangement of vibrating spring I propose to apply in lieu of a 
pendulum to clock work generally, and other mechanism, 
the speed of which requires regulating. The rotary 
motion given to the type wheel F by this arrangement of 
mechanism is imparted to the barrel or cylinder H by means 
of a cog wheel 14* on the barrel shat gearing into the flanged 
wheel M, which has the same number of teeth as the 
Wheel 14°. It will thus be understood how the pins on the 
barrel (which pins severally answer to a letter or other symbol 
on the type wheel) come severally into a line with the 
spring le vers / for the purpose completing the cireuit at 
the moment that their corresponding letters on the type 
wheel arrive at the required position for printing. 

Having now explained the nature of the invention and the 
manner of carrying the same into effect, | wish it to be under- 
stood that— | 

First, I claim the employment of the retaining or holding 
power of the natural magnet for arresting the, action of the in- 
strument, whether the same be applied in the manner herein 
described, or in any similar manner producing like results. 

Second, I claim combining with the permanent magnet an 
adjustable spring almost sufficient to sever it from its connec- 
tion with the soft iron of the electro-magnet. and a lever, or 
its equivalent, for restoring the permanent magnet to its con- 
tact position after being separated from the soft Iron of the 
electro-magnet, as explained. ' 

Third, I claim the employment of two cog wheels or circuit 


breakers in the same instrument so arranged that one shall be 
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in connection with the electro-magnet and the other with the 
transmitting cylinder or barrel H, and also the combined use of 
instruments connected as above explained, the same being so 
arranged that the connection will alternate at each station for 
every letter between the electro-magnuet and the transmitting 
cylinder of the same instrument in such manner that the 
through connection is always simultaneously through the trans- 
mitting cylinder of one station and the electro-magnet of the 
other station, whereby the instrument at each station can at 
the same time be transmitting a message and receiving a mes- 
sage; it being understood, however, that I do not claim in 
seneral the use of a single wire for the simultaneous transmis- 
sion of different messages by means of rapid changes of con- 
nection, which is not new, but only the peculiar manner as 
above claimed, in which I have applied it in connection with 
my machine. 

Fourth, so arranging a bolt, and operating the same by a 
cam orits equivalent, that it shall act lke a break upon the 
wheel attached to the shaft of the type wheel, and so preclude 
the intelligence from the station or stations on the circuit from 
which it is desired to withhold the communication. 

Fifth, I claim theemployment of a vibrating spring properly 
weighted at its extremity, 1f necessary, for governing or regu- 
lating the movement of the type wheel, and this I claim for 
coverning the speed of other machinery without limiting its use 
to its connection with electro-magnetism. 

Sixth, I claim printing messages by the aid of electro-mag- 
netism from a continuously moving type wheel, printing while 
in motion. 

Seventh, I claim the arrangement of a cylinder with pins 
arranged helically thereon to operate by contact with metallic 
points in order to close and break the cireuit when this is 
combined, for the purposes herein set forth, with the system of 
stops and levers so arranged that any desired point may be 
thrown within the range of revolution of its corresponding pin, 
where it will be retained until it 1s struck by the said pin. 

In witness whereof, I, the said Joseph Camp Griffith 
Kennedy, have hereunto set my hand and seal, the seventh day 
of January, inthe year of our Lord one thousand eight hundred 
and fifty-six. 

Jos. C. G. KENNEDY. [L. S.] 
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(No. 80.) Defendants’ Exhibit. Translation Reis 
1 Article. 


J. A. W., Sp. Exx. 


|For Tafels I., If. and ILI., see Defendants’ Exhibit 5, page 24. | 


[Introduced by defendants in Case, p. 420, as taken from 
printed record, American Bell Telephone Company vs. Albert 

| Spencer e¢ al., pp. 182-189. | 
| The plates accompanying this Exhibit are the same as those 
accompanying Exhibit No. 5, afte, and the three sheets previously 


introduced, denominated Tafel I, Tafel II, and Tafel III. The title ' 
and contents of this Exhibit are as follows :] i 
YEARLY REporT OF THE PuystcaL Society av FrANKForT-A-M., 1860-1, 


p. d7, “On telephony by means of the galvanic current, by 


Philip Reis.” 


The extraordinary results in the field of telegraphy have proba- 
bly often raised the question, if it might not be possible to transmit 
speech itself toa distance? Experiments mace im this direction 
could not, however, produce any result at all satisfactory, because 
the vibrations of conducting media soon lose their intensities to 
such an extent that they are no longer appreciable by our senses. 

A reproduction of sounds at certain distances by means of a 
galvanic current has probably been thought of, but the practical 
solution of this problem has certainly seemed the most doubtful to 
the very persons who, from their knowledge and appliances, were in 
the best condition to attack it. To a person having only a super- 
ficial knowledge of physic; the problem presents far less difficulties - 
simply because the most of them are unperceived. About nine 
years ago I also (having an extraordinary enthusiasm for what was 
new, and an insufficient knowledge of physics) had the boldness to 
attempt the solution, but was soon forced to desist because the very 
first experiment convinced me of the impossibility of its solution. 

Later, after further study and experience, I came to see that my 

first experiment had been a very rough and by no means conclusive 
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one; I did not, however, follow up this subject seriously, because I 
did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that first ex- 
periment and its occasion, notwithstanding all that reason says to 
the contrary, and thus half unwillingly this project of my youth’ was 
reviewed in hours of leisure; the difficulties and the means for 
overcoming them were weighed; but for the present, at least, no ex- 
periment was made. 

How, indeed, could a single instrument reproduce the combined 
effect of all the organs occupied in human speech? This was al- 
ways the cardinal question ; finally I got the notion of putting the 
question in another way— 

How does our ear appreciate the totality of vibration produced 
by the organs of speech all simultaneously active ? Or more gen- 
erally-—— 

How do we appreciate the vibrations of several simultaneously 
sounding bodies? 

To answer this question, we must, in the first place, understand 
what must happen in order that we may perceive a single tone. 

Without an ear any tone 1s nothing else than a recurrent con- 
densation and rarefaction of some body repeated at least seven or 
eight times in a second. If this occurs in the same medium in which 
we are, the membrane of the ear is at each condensation forced 
towards the middle ear, to be moved at the subsequent rarefaction 
in the opposite direction. These vibrations produce a synchronous 
raising and falling of the hammer upon the anvil (according to other 
authorities, an approach or receding of the ear-bone particles), and 
a similar number of tremors in the fluid of the cochlea, in which the 
filaments of the auditory nerve are distributed. The greater the 
condensation of the conducting medium at any given moment, the 
sreater is the amplitude of vibration of the membrane and hammer, 
and consequently the more powerful the blow upon the anvil and 
the vibration of the nerves by means of the fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefae- 
tion occurring in the surrounding medium. But the office of the 
auditory nerve is to bring to our consciousness the vibrations of 
matter which have occurred in a given time, both as regards num- 
ber and amplitude. Here, for the first time, certain combinations 
receive a name; here, certain vibrations are sounds or noises, 
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What our auditory nerve perceives 1s, then. simply the action off | 
a force coming within the range of consciousness, and this force can { 


be represented both as to duration and magnitude by a curve, 
craphically. 

Let « db represent any given time, and the curve above the line 
condensation (--), the curve below thie line raretaction (—), then any 
ordinate raised from the end of any abscissa will represent the 
desree of condensation, at the time represented by its base, in con- 


sequence of which the drum of the ear vibrates. 


nn i gecemnsing oni 


Our ear can, under no circumstances, appreciate more than can 
be represented by these curves, and this indeed is entirely sufficient 
to give us a clear perception of any sound or any combination of 
sounds. 

If several sounds are produced at the same time, the conducting 
medium is subjected to the influence of several simultaneous forces, 
and the two following laws will hold good: If the forces act in the 
same direction, the amplitude is proportional to the sum of the 
forces; if the forces act in opposite directions, the amplitudes are 
proportional to the differences of the opposing forces. 

If, for example, in the case of three sounds, we draw the curve 
of condensation of each separately by a summation of the ordinates 
of corresponding abscissas, we can determine new ordinates and 
develop a new curve, which might be called the combination curve. 
This represents exactly what our ear perceives of the three simul- 
taneous sounds. The fact that the musician can distinguish the 
three sounds need not surprise us any more than the fact that any 
one acquainted with the theory of colors can in green discover blue 
and yellow; but the combination curves in plate t. show that this 
difficulty is a shght one, for in these curves all the relations of the 
components successively recur. In the case of chords of more than 
three notes the relations are not so readily seen from the drawing 
Plate Il. for example. In the case of such chords, however, the 
skilled musician also finds difficulty in recognizing the separate 
notes. 

Plate ITI. illustrates discord. Why discords impress us un- 
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‘I sasantly I will leave my readers to judge at this time, though I 
may perhaps return to the subject subsequently in another paper. 

From the proceeding it follows: 

First. Every sound and every combination of sounds, on striking 
our ear, causes vibration of the drum of the ear that may be repre- 
sented by a curve. 

SeconD. The course of these vibrations simply gives us a con- 
ception (appreciation) of the sound, and every alteration changes 
the conception (appreciation). 

As soon, then, as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
sounds or combination of sounds, we shall receive the same im- 
pression as that sound or combination of sounds would have pro- 
duced. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce 
the sounds of various instruments, and even to a certain extent the 
human voice. It is very simple, and by means of the figure will be 
asily understood from the following expianation. 
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In the eubical block of wood YT, 8, 4 u, Vv, W, P%, there is A conical 
perforation a, closed at one end by a membrane 4 (pig’s intestine), 
upon the middle of which there is cemented a conducting strip of 
platinum, this is -connected with the binding screw p. From the 
binding screw 7 another thin strip of metal extends until over the 
middle of the membrane, and ends here in a platinum wire placed 
at right angles to its length and surface. 
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From the binding screw p, a conducting wire runs throught the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw xn. 

The coil at the distant station is about six inches long, is com- 
posed of six layers of fine wire, and, as a core.in its centre, has a 
knitting-needle which projects about two inches at both ends. By 
means of the projecting ends, the coil rests upon two bridges of a 
resonant case. (All this part can-of course be replaced by any 
other apparatus by means of which the well-known “ galvanic 
sound ” can be produced.) 

If, now, sounds or sound combinations are produced in the 
neighborhood of the block, so that sufficiently powerful waves reach 
the opening w, then these sounds cause the membrane 4, to vibrate. 
At the first condensation the hammer-like wire ¢ is pushed back, at 
the rarefaction it can follow the retreating membrane, and the cur- 
rent traversing the strip is broken, until the membrane forced by a 
new condensation again presses the strip (proceeding from p) 
against /. In this way each sound wave causes a breaking and 
closing of the circuit. 

At each closing of the circuit the atoms of the iron wire in the 
distant spiral are moved away from each other (Pouillet Maller, 
page 304, Vol. IL., Fifth Edition); on breaking the circuit these 
atoms seek to regain their position of equilibrium. When this hap- 
pens, in consequence’ of the reciprocal actions of elasticity and 
inertia, a number of vibrations are produced, and they give the 
longitudinal sound of the rod (see as above). ‘This is the case if the 
breakings and closings of the circuit occur with comparative slow- 
ness. If they occur more rapidly than the oscillations of the iron 
core, due to its elasticity, the atoms cannot complete their circuits. 
The paths described become shorter in proportion as the interrup- 
tions are more frequent, but then are just as numerous as these. 

The iron wire no longer gives its longitudinal sound, but a 
sound whose pitch corresponds to the number of interruptions (in a 
siven time); this is equivalent to saying the wire reproduces the 
sound conveyed to the interrupter. The intensity also of this 
sound is proportional to that of the original one, for in proportion 
as this is more intense the motions of the membrane are greater; 
the motions of the hammer also, and finally the time during which 
the circuit is broken is greater, and consequently, to a certain ex- 
tent, the motions of the atoms in the reproducing wire are greater, 
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/ Oy \. perceiving them as greater vibrations, in just the same way as 
i\/ \ we would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my instrument 
“telephone.” 

Now, in reference to the capabilities of the telephone, it may be 
stated that I was enabled to render audible to the members of a 
large assembly (the Physical Society at Frankfort-a-M.), melodies 
which were sung not very loud into the apparatus in another house 
three hundred feet away, with closed doors. 

Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three notes of a piano, upon 
which the telephone was placed, and that it reproduces equally well 
the sound of other instruments—accordion, clarinet, horn, organ, 
pipes, ete., provided that the sounds are within the compass F-/- 

Of course, in all experiments sufficient precautions were taken to 
insure that there was no direct conduction of sound. ‘This is very 
easily done by making a momentary short circuit immediately in 
front of the coil, by which means its action is temporarily inter- 
rupted. 

Hitherto it has not: been possible to reproduce human speech 
with a distinctness sufficient for every one. ‘The consonants are for 
the most part reproduced pretty distinctly, but the vowels as 
yet not in an equal degree. The cause of this I will attempt to ex- 
plain. 

According to the experiments of Willis, Helmholtz and others, 
vowel sounds can be produced artificially, if the vibrations of one 
body are from time to time augmented by those of another, some- 
what as follows : 

An elastic wheel is set in vibration by the blow of a tooth on a 
toothed wheel ; the first vibration is the greatest, and each subse- 


quent one is smaller than the preceding. 
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If to vibrations of this kind (the spring not coming to rest in the 
meantime) the blow of a new tooth is added, the following vibration 
will be again a maximum, and so on. 

The pitch of a sound produced in this way depends upon the 
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number of vibrations in a viven time, but the character of théspufi: 
upon the number of intensifications in the same time. Two Wve 
having the same pitch would differ in about the way represented by 
the curves (Figs. 1, 2), while the same sound without any vowel 
character would be represented by the curve (Fig. 3). 


Our organs of speech probably produce the vowels in the same 
manner, through the combined action of the upper and lower vocal 
chords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the origumal ones; but still, as I 
have reason to believe, to a certain degree proportional among them- 
selves. But in the case of these generally small vibrations the dif- 
ference between large and small vibrations is more difficult to per- 
ceive than in the case of the original waves, and the vowel is, there- 
fore, more or less indistinct. 

Whether or not my views as to the curves corresponding to 
sound combinations are correct could perhaps be decided by means 
of the new phonautograph of Duhamel. 

(“* Vierordt Physiology,” page 254. ) 


It may be that for the practical application of the telephone 
much remains to be done; for physics it has already sufficient in- 


terest, from the fact that it opens a new field for research. 


Friedrichsdorf, near Frankfort, A. m., December, 1861. 
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(No. 81.) Defendants’ Exhibit, The Telephone. 
[Put in Evidence by Defendants. | 
J. A. W., Sp. Ex’r. 


[Introduced in Case, p. 420. | 


A Lecturg, entitled Researches in Electric Telephony, by Professor 
Alexander Graham Bell, delivered before the Society of Tele- 
sraph Engineers, October 31st, 1877. Published by the 
Society, and edited by Lieut. Col. Frank Bolton, C.E., Hon. 
Secretary, and William Edward Langdon, Acting Secretary. 
London: E. & F. N. Spon, 46, Charing Cross. New York : 
446 Broome street. 1878. 


EXTRACTS OF PROCEEDINGS OF THE SOCIETY oF TELEGRAPH ENGINEERS. 


Special General Meeting, held at 25, Great George street, West- 
} m=) ’ => ’ 
minster, on Wednesday, the 31st October, 1877, Professor Abel, 
C.B., F.R.S., President, in the Chair. 


THE PRESIDENT: Gentlemen, the Council of the Society of Tele- 
graph Engineers felt that they were sure of doing what the members 
would consider right in summoning a special meeting for the two- 
fold purpose of giving a welcome to Professor Bell to this country, 
and affording the members an opportunity of hearing from him an 


account, which he has been so good as to promise to give us, of the 


nature, history, and development of what may well be called one of 


the most interesting discoveries of our age. Our time is very pre- 
cious this evening. We all desire to hear everything Professor Bell 
can tell us on this subject, and many gentlemen will probably de- 
sire afterwards to ask questions or discuss the subject, for I see pres- 
ent a great number of eminent scientific men. I will not waste an- 
other moment, but at once call upon Professor Bell to commence 
his discourse on the Electric Telephone. 


RESEARCHES IN EvLectrric TELEPHONY. 


(By Professor Alexander Graham Bell.) 


Prorrssor BELL: Mr. President, and Gentlemen of the Society of 
Telegraph Engineers, It is to-night my pleasure as well as duty to 
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give you some account of the telephonic researches in which }ja¥é 


been so long engaged. Many years ago my attention was dirgetefl 
to the mechanism of speech by my father, Alexander Melville Bell, 
of Edinburgh, who has made a life-long study of the subject. Many 
of those present may recollect the invention by my father of a means 
of representing, in a wonderfully accurate manuer, the positions of 
the vocal organs in forming sounds. Together we carried on quite 
a number of experiments, seeking to discover the correct mechanism 
of English and foreign elements of speech ; and I remember espe- 
clally an investigation in which we were engaged concerning the 
musical relations of vowel sounds. When vowel sounds are whis- 
pered each vowel seems to possess a particular pitch of its own, and 
by whispering certain vowels in succession a musical scale can be 
distinctly perceived. Our aim was to determine the natural pitch 
of each vowel, but unexpected difficulties made their appearance, 
for many of the vowels seemed to possess a double pitch ; one due, 
probably, to the resonance of the air in the mouth, and the other to 
the resonance of the air contained in the cavity behind the tongue, 
comprehending the pharynx and iarynx. 

I hit upon an expedient for determining the pitch which at that 
time I thought to be original with myself. It consisted in vibrat- 
ing a tuning-fork in front of the mouth while the positidns of the 
vocal organs for the various vowel sounds were silently taken. It 
was found that each vowel position caused the reinforcement of 
some particular fork or forks. 

I wrote an account of these researches to My. Alex. J. Ellis, of 
London, whom I have very great pleasure in sceing here to-night. 
In reply he informed me that the experiments related had already 
been performed by Helmholtz, and in a much more perfect manner 
than Thad done. Indeed, he said that Helmholtz had not only 
analvzed the vowel sounds into their constituent musical elements, 
but had actually performed the synthesis of them. 

He had succeeded in producing, artificially, certain of the vowel 
sounds by causing tuning-forks of different pitch to vibrate simul- 
taneously by means of an electric current. Mr. Ellis was kind 
enough to grant me an interview for the purpose of explaining the 
apparatus employed by Helmholtz in producing these extraordinary 
effects, and I spent the greater part of a delightful day with him 
in investigating the subject. At that time, however, I was too 
slightly acquainted with the laws of electricity fully to understand 
the explanations given; but the interview had the effect of arousing 
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my interest in the subjects of sound and electricity, and I did not 
rest until I had obtained possession of a copy of Helmholtz’ great 
work, and had attempted, in a crude and imperfect manner it is 
true, to reproduce his results. While reflecting upon the possibil- 
ities of the production of sound by electrical means, it struck .me 
that the principle of vibrating a tuning-fork by the intermittent 
attraction of an electro-magnet might be applied to the electrical 
production of music. 

I imagined to myself a series of tuning-forks of different pitches, 
arranged to vibrate automatically in the manner shown by Helm- 
holtz, each fork interrupting at every vibration a voltaic current ; 
and the thought occurred, “ Why should not the depression of a 
key like that of a piano direct the interrupted current from any one 
of these forks, through a telegraph wire, to a series of electro-mag- 
nets operating the strings of a piano or other musical instrument, 
in which case a person might play the tuning-fork piano in one 
place and the music be audible from the electro-magnetic piano in 
a distant city ?” 

The more I reflected upon this arrangement the more feasible 
did it seem to me; indeed, I saw no reason why the depression of 
a number of keys at the tuning-fork end of the circuit should not 
be followed by the audible production of a full chord from the piano 
in the distant city, each tuning-fork affecting at the receiving end 
that string of the piano with which it was in unison. At this time 
the interest which I felt in electricity led me to study the various 
systems of telegraphy in use in this country and in America. I was 
much struck with the simplicity of the Morse alphabet, and with the 
fact that it couid be read by sound. Instead of having dots and 
dashes recorded upon paper, the operators were in the habit of ob- 
serving the duration of the click of the instruments, and in this way 
were enabled to distinguish by ear the various signals. 

It struck me that in a similar manner the duration of a musical 
note might be made to represent the dot or dash of the telegraph 
code, so that a person might operate one of the keys of the tuning- 
fork piano referred to above, and the duration of the sound pro- 
ceeding from the corresponding string of the distant piano be ob- 
served by an operator stationed there. It seemed to me that in this 
way a number of distinct telegraph messages might be sent simul- 
taneously from the tuning-fork piano to the other end of the cir- 
cuit, by operators each manipulating a different key of the instru- 
ment. These messages would be read by operators stationed at the 
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distant piano, each receiving operator listening for signals of a oy” ) JX 


tain definite pitch, and ignoring all others. In this way could Fe 
accomplished the simultaneous transmission of a number of tele- 
graphic messages along a single wire, the number being limited only 
by the delicacy of the listener's ear. The idea of increasing the 
carrying power of a telegraph wire in this Way took complete pos- 
session of my mind, and it was tiis practical end that I had in view 
when I commenced my researches in Electric ‘Telephony. 

In the progress of science it 1s universally found that com- 
plexity leads to simplicity, and in narrating the history of scientific 
research it is often advisable to begin at the endl. 

In glancing back over my own researches, I find it necessary to 
designate, by distinct names, a variety of electrical currents by 
means of which sounds can be produced, and I shall direct your 
attention to several distinct species of what may be termed ‘ tele- 
phonic ” currents of electricity. In order that the peculiarities of 
these currents may be clearly understood, I shall ask Mr. Frost to 
project upon the screen a graphical illustration of the different 
varieties. 

The graphical method of representing electrical currents here 
shown is the best means I have been able to devise of studying in 
an accurate manner the effects produced by various forms of tele- 
phonic apparatus, and it has led me to the conception of that 
peculiar species of telephonic current here designated as undulatory, 
which has rendered feasible the artificial production of articulate 


speech by electrical means. 
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A horizontal line (gg!) is taken as the zero of eurrent, and 
impulses of positive electricity are represented above the zero line, 
and negative impulses below it, or vice versi. 

The vertical thickness of any electrical impulse (4 or d), 


measured from the Zero line, indicates the intensity of the electrical! 
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urrent at the point observed, and the horizontal extension of the 
electric line (4 or @) indicates the duration of the impulse. 

Nine varieties of telephonic currents may be distinguished, but 
it will only be necessary to show you six of these. The three 
primary varieties designated as ‘“ intermittent,” “ pulsatory,” and 
‘“undulatory,”’ are represented in lines 1, 2, and 3. . 

Sub-varieties of these can be distinguished as “direct” or 
“reversed ” currents according as the electrical impulses are all of 
one kind or are alternately positive and negative. “ Direct” 
currents may still further be distinguished as ‘“ positive” or 
“negative,” according.as the impulses are of one kind or of the 
other. 

An itermittent current is characterized by the alternate 
presence and absence of electricity upon the circuit, 

A pulsatory current results from sudden or instantaneous 
changes in the intensity of a continuous rent; and 

An uadulatory current is a current o! clectricity, the intensity of 
which varies in a manner proportional tc the ve.scity of the motion 
of a particle of air during the production of » sound; thus the curve 


representing graphically the undulatory @ vr ‘a simple musical 
tone is the curve expressive of a simple penu. > vibration—that 


is. a sinusoidal curve. 
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And here I may remark that, although the conception of the un- 
dulatory current of electricity is entirely original with myself, meth- 
ods of producing sound by means of intermittent and pulsatory 
currents have long been known. For instance, it was long since 
discovered that an electro-magnet gives forth a decided sound when 
if is suddenly magnetized or demagnetized. When the circuit upon 
which it is placed is rapidly made and broken a succession of ex- 
plosive noises proceeds from the magnet. These sounds produce 
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f) 
upon the ear the effect of a musical note when the current id’ jptex} 
rupted a sufficient number of times per second. The discovery Af 
‘“oalvanic music ” by Page, in 1837, led inquirers in different parts 
of the world almost simultaneously to enter into the field of tele- 
phonic research ; and the acoustical effects produced by magnetiza- 
tion were carefully studied by Marrian, Beatson, Gassiot, De La 
Rive, Matteucci, Guillemin, Wertheim, Wartmann, Janniar, Joule, 
Laborde, Legat, Reis, Poggendorff, Du Moncel, Delezenne and 


-Others. It should also be mentioned that Gore obtained loud musi- 


cal notes from mercury, accompanied by singularly beautiful crispa- 
tions of the surface during the course of experiments in electrolysis ; 
Page produced musical tones from Trevelyan’s bars by the action of 


the galvanic current; and further, it was* discovered by Sullivan 


that a current of electricity is generated by the vibration of a wire 
composed partly of one metal and partly of another. The current 
was produced so long as the wire emitted a musical note, but 
stopped immediately upon the cessation of the sound. 

For several years my attention was almost exclusively directed 
‘and breaking a vol- 
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to the production of an instrument for maki 
talc circuit with extreme rapidity, to take the place of the transmit- 
ting tuning-fork used in Helmholtz’s researches. I will not trouble 
you with the description of all the various forms of apparatus that 
were devised, but will merely direct your attention to one of the 
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best of them, shown in figure 2. In the transmitting instrument T, 
a steel reed a is employed, which is kept in continuous vibration by 
the action of an electro-magnet e and local battery. In the course 
of its vibration the reed strikes alternately against two fixed points 
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l\, and thus completes alternately a local and a main circuit. 
Whien the key K is depressed an intermittent current from the main 
battery B is directed to the line-wire W, and passes through the 
electro-magnet E of a receiving instrument R at the distant end of 
the circuit, and thence to the ground G. The steel reed A is placed 
in front of the receiving magnet, and when its normal rate of vibra- 
tion is the same as the reed of the transmitting instrument it is 
thrown into powerful vibration, emitting a musical tone of a similar 
pitch to that produced by the reed of the transmitting instrument ; 
but if it is normally of a different pitch it remains silent. 

A glance at Figs. 3, 4 and 5 will show the arrangement of such 
instruments upon a telegraphic circuit, designed to enable a num- 
ber of telegraphic despatches to be transmitted simultaneously along 
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the same wire. The transmitters and receivers that are numbered 
alike have the same pitch or rate of vibration. Thus the reed of 
T! is in unison.with the reeds T' and R! at all the stations upon the 
circuit, so that a telegraphic despatch sent by the manipulation of 
the key K' at the station shown in Fig. 3 will be received upon the 
receiving instruments K! at all the other stations upon the circuit. 
Without going into details, I shall merely say that the great defects 
of this plan of multiple telegraphy were found to consist, firstly, in 
the fact that the receiving operators were required to possess a good 
musical ear in order to discriminate the signals; and secondly, that 
the signa's could only pass in one direction along the line (so that 
two wires would be necessary in order to complete communication 
in both directions). The first objection was got over by employing 
the device which I term a “ vibratory circuit breaker,” shown in the 
next diagram, whereby musical signals can be automatically re- 
eorded. 

Fig. 6 shows a receiving instrument R, with a vibratory circuit 
breaker v attached. The light spring lever v overlaps the free end 
of the steel reed A, and normally closes a local circuit, in which 
may be placed a Morse sounder or other telegraphic apparatus. 
When the reed A is thrown into vibration by the passage of a 
musical signal, the spring arm vis thrown upwards, opening the 
local circuit at the pomt 5. When the spring-arm v is so arranged 
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as to have normally a much slower rate of vibration than the reed 
Al, the local circuit is found to remain permanently open during 
the vibration of A, the spring arm v coming into contact with the 
point 5 only upon the cessation of the receiver’s vibration. Thus 
the signals produced by the vibration of the reed A are reproduced 
upon an ordinary telegraphic instrument in the local circuit. 

Fig. 7 shows the application of electric telephony to autographic 
telegraphy. 
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Fig. 7. 


T, T', &e., represent the reeds of transmitting instruments of 
different pitch, R. R'. &e., the receivers at the distant station of 
corresponding pitch, and 7,71, &c., the vibratory cirenit breakers at- 
tached to the receiving instruments, and connected with metallic 
bristles, 21, resting upon chemically prepapared paper P. The 
message or picture, to be copied, is written upon a metallic surface, 
IF o, with non-metalhe ink, and placed upon a metallic cylinder 7, 
connected with the main battery B; and the chemically prepared 
paper P, upon which the message is to be received, is placed upon a 
metallic cylinder connected with the local battery B at the receiv- 
ing station. When the cylinder at either end of the circuit are ro- 
tated in the direction ot the aLvrOoOWS-— but not necessarily at the 
same rate of speed—a fac-simile of whatever 1s written. or drawn 
upon the metallic surface F o appears upon the chemically prepared 
paper P. 

The method by means of which the musical siguais may be sent 
simultaneously in both directions along the same circuit is shown 
in our next illustration, figures 8,9, and 10. The arrangement is 
similar to that shown in figures 3, 4 and 5, excepting that the inter- 
mittent current from the transmitting instrument is passed through 
the primary wires of an induction coil, and the receiving instru- 
ments are placed in cireuit with the secondary wire. In this way 
free earth communication is secured at either end of the cireuit, and 
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the musical signals produced by the manipulation of any key are 
received at all the stations upon the line. The great objection to 
this plan is the extreme complication of the parts and the necessity 
of employing local and main batteries at every station. It was 
also found by practical experiment that it was difficult, if not im- : 
possible, upon either of the plans here shown, to transmit simulta- : 


neously the number of musical tones that theory showed to be ay 
feasible. Mature consideration revealed the fact that this difficulty 
lay in the nature of the electrical current employed, and was finally 
obviated by the invention of the undulatory current. 

It is « strange fact that important inventions are often made al- 
most simultaneously by different persons in different parts of the 
world, and the idea of multiple telegraphy as developed in the pre- 
ceding diagrams seems to have occurred independently to no less 
than four other inventors in America and Europe. Even the de- 
tails of the arrangement upon circuit—shown in figures 3, 4, 5, and 
8, 9, 10—are extremely similar in the plans proposed by Mr. Crom- 
well Varley of London, Mr. Elisha Gray of Chicago, Mr. Paul La 
Cour of Copenhagen, and Mr. Thomas Edison of Newark, New Jer- 
sey. Into the question of priority of invention, of course, it is not 
my intention to go to-night. 

That the difficulty in the use of an intermittent current may be 
more clearly understood, I shall ask you to accompany me in my 
explanation of the effect produced when two musical signals of dif- 


ferent pitch are simultaneously directed along the same circuit. 
Fig. 11 shows an arrangement whereby the reeds « a! of two trans- 
mitting instruments are caused to interrupt the current from the 
same battery B. We shall suppose the musical interval between the 


two reeds to be a major third, in which case their vibrations are in 
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the ratio of 4 to 5, 2. e., 4 vibrations of @ are made in the same time & 
as 5 vibrations.of @!. A? and B? represent the intermittent currents 


Fig. ll. 


produced, 4 impulses of B? being made in the same time as 5 im- 
pulses of A?. The line A? + B? represents the resultant effect upon 
the main line when the reeds ¢ and «! are simultaneously caused to 
make and break the same circuit, and from the illustration vou will 
perceive that the resultant current, whilst retaining a uniform in- 
tensity, is less interrupted when both reeds are in operation than 
when one alone is employed. By carrying your thoughts still fur- 


ther you will understand that when a large number of reeds of dif- 
ferent pitch or of different rates of vibration are simultaneously 
making and breaking the same circuit the resultant effect upon the 
main line is practically equivalent to one continuous current. 

It will also be understood that the maximum number of musical 
signals that can be simultaneously directed along a single wire with- 
out conflict depends very much upon the ratio which the “make” 
| ears to the 7 break,” the shorter the contact made. and the longer 
the break, the greater the number of signals that can be transmitted 
without confusion, and vice versa. ‘The apparatus by means of 
which this theoretical conclusion has been verified is here to-night, 
and consists of an ordinary parlour harmonium, the reeds of which | 
are operated by wind in the usual manner. In front of each reed | 
is arranged a metal screw, against which the reed strikes in the 
course ofits vibration. By adjusting the screw the duration of the 
contact ean be made long or short. The reeds are connected with 
one pole of a battery, and the screws against which they strike com- 
municate with the line-wire, so that intermittent impulses from the 
battery are transmitted along the line-wire during the vibration of 


the reeds. 
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the details of the calculation you will see that with a pulsatory cur- 
rent the effect of transmitting musical signals simultaneously is 
nearly equivalent to a continuous current of minimum intensity— 
see A?+B?, Fig. 12; but when undulatory currents are employed the 
effect is different—see Fig. 15. The current from the battery B is 


thrown into waves by the inductive action of iron or steel reeds M, 
M!, vibrated in front of electro-magnets e e', placed in circuit with 
the battery; A? and B? represent the undulations caused in the 
current by the vibration of the magnetized bodies, and it will be 
seen that there are four undulations of B? in the same time as five 
undulations of A?. The resultant effect upon the main line ts ex- 
pressed by the curve A?+ 5?, which is the algebraica! sum of the 
sinusoidal curves A? and B?. A similar effect is produced when 
reversed undulatory currents are employed as shown in Fig. 14, 
where the current 1s produced by the vibration of permanent mag- 
nets M M! in front of electro-magnets (e e!), united upon a cireuit 


without a voltiac battery. It will be understood from Figs. 13 and 
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Fig. 14. 


14 that the effect of transmitting musical signals of different pitches 
simultaneously along a single wire is not to obliterate the vibratory 
character of the current as in the case of intermittent and pulsatory 
currents, but to change the shapes of the electrical undulations. In 
fact, the effect produced upon the current is precisely analogous to 
the effect produced in the air by the vibration of the inducing bodies 
M M!'. Hence it should be possible to transmit as many musical 
tones simultaneously through a telegraph wire as through the air. 
The possibility of using undulatory currents for the purposes of 
multiple telegraphy enabled me to dispense entirely with the com- 
plicated arrangements of the circuit shown in Figs. 3, 4, 5 and 8, 9, 
10, and to employ a single battery for the whole circuit, retaining 
only the receiving instruments formerly shown. This arrangement 
is represented in Figs. 15,16 and 17. Upon vibrating the steel reed 
of a receiver hk, R', at any station, by any mechanical means, the 
corresponding reeds at all the other stations are thrown into vibra- 
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; kip. reproducing the signal. By attaching the steel reeds to the 

“ polés of a powerful permanent magnet, as shown in Fig. 19, the sig- 
nals can be produced without the aid of a battery. 

I have formerly stated that Helmholtz was enabled to produce 

vowel soonds artificially by combining musical tones of different 

pitches and intensities. His apparatus 1s shown in Fig. 18. Tuning- 
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forks of different pitch are placed between the poles of electro- 
magnets (@!, @?,&c.) and are kept in continuous vibration by the 
action of an intermittent current from the fork 4. Resonators 1, 2, 3, 
&e., are arranged so as to reinforce the sounds, in a greater cr less 
degree, according as the exterior orifices are enlarged or con- 
tracted. 

Thus it will be seen that upon Helmholtz’s plan the tuning-forks 
themselves produce tones of uniform intensity, the loudness being 
varied by an external reinforcement; but it struck me that the 
same results would be obtained, and in a much more perfect man- 
ner, by causing the tuning-forks themselves to vibrate with different 
degrees ofamplitude. I therefore devised the apparatus shown in 
hig. 19, which was my first form of articulating telephone. In this 
heure a harp of steel rods is employed attached to the poles ofa 
a permanent magnet N.S. When any one of the rods is 
thrown into vibration an undulatory current is produced in the coils 
of the electro-magnet E and the electro-magnet E! attraets the rods 
of the harp H! witha varying force, throwing into vibration that rod 
which is in unison with that vibrated at the other end of the circuit. 
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Not only so, but the amplitude of vibration in the one will deter- 
mine the amplitude of vibration in the other, for the intensity of 
the induced current is determined by the amplitude of the induc- 
ing vibration, and the amplitude of the vibration at 
the receiving end depends upon the intensity of the 
attractive ‘impulses. When we sing into a_ piano, certain 
of the strings of the instrument are set in vibration 
sympathetically by the action of the voice with different degrees of 
amplitude, and a sound, which is an approximation to the vowel 
uttered, is produced from the piano. Theory shows that had the piano 
a very much larger number of strings to the octave, the vowel sounds 
would be pecfectly reproduced. My idea of the action of the ap- 
paratus shown in fig. 19 was this: Utter asound in the neighbor- 
hood of the harp H and certain ofthe rods would be thrown into 
vibration with different amplitudes. At the other end of the circuit 
the corresponding rods of the harp H! would vibrate with their 
proper relations of force, and the timbre of the sound would be re- 
produced. The expense of constructing such an apparatus as that 
shown in Fig. 19 deterred me from making the attempt, and I] 
sought to simplify the apparatus before venturing to have it 
made. | 

IT have before alluded to the invention by my father of a system 
of physiological symbols for representing the action of the vocal 
organs, and [ have been invited by the Boston Board of Education 
to conduct a series of experiments with the system in the Boston 
school for the deaf and dumb. It is well known that deaf mutes 
are dumb merely because they are deaf, and that there is no defect 
in their vocal organs to incapacitate them from utterance Hience 
it was thought that my father’s system of pictorial symbols, popu- 
larly known as visible speech, might prove a means whereby we 
could teach the deaf and dumb to use their vocal organs and to 
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speak. The great success of these experiments urged upon me the 
advisability of devising methods of exhibiting the vibrations of 
sound optically, for use in teaching the deaf and dumb. For some 
time I carried on experiments with the manometric capsule of 
Koenig, and with the phonautograph of Leon Scott. The scientific 
apparatus in the Institute of Technology in Boston was freely placed 
at my disposal for these experiments, and it hapened that at that 
time a student of the Institute of Technology, Mr. Maurey, had in- 
vented an improvement upon the phonautograph. He had suc- 
ceeded in vibrating by the voice a stylus of wood about a foot in 
length, which was attached to the membrane of the phonautograph, 
and in this way he had been enabled to obtain enlarged tracings 
upon a plane surface of smoked glass. With this apparatus I suc- 
ceeded in producing very beautiful tracings of the vibrations of the 
air for vowel sounds. Some of these tracings are shown in Fig. 20. 
I was much struck with this improved form of apparatus, and it 
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occurred tome that there was a remarkable likeness between the man- 
ner in which this piece of wood was vibrated by the membrane of 
the phonautngraph and the manner in which the ossicule of the 
human ear was moved by the tympanic membrane. I determined 
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the assistance of a distinguished aurist in Boston, Dr. Clarence Jj 
Blake. He suggested the use of the human ear itself as a phonau- 
tograph, instead of making an artificial imitation of it. The ide: 


was novel and struck me accordingly, and I requested my friend to 
ee prepare a specimen for me, which he did. The apparatus, as finally 
constructed, is shown in Vig. 21. The stapes was removed and a 
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stylus of hay about an inch in length was attached to the end of 
the incus. Upon moistening the membrana-tympani and_ the 
ossiculze with a mixture of glycerine and water, the necessary mobil- 
| ity of the parts was obtained; and upon singing into the external 
| — artificial ear the stylus of hay was thrown into vibration, and trac- 
2 ings were obtained upon a plane surface of smoked glass passed 


rapidly underneath. While engaged in these experiments I was 
struck with the remarkable disproportion in weight between the 
membrane and the bones that were vibrated by it. It occurred to 
me that if a membrane as thin as tissue paper could control the 
vibration of bones that were, compared to it, of immense size and 
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i weight, why should nota larger and thicker membrane be able to 


vibrate a piece of iron in front of an electro-magnet, in which case 
the complication of steel rods shown in my first form of telephone, 
Fig. 19, could be done away with, and a simple piece of iron at- 
tached to a membrane be placed at either end of the telegraphic 
cireuit. | 
Fig. 22 shows the form of apparatus that I was then employing 
for producing undulatory currents of electricity for the purposes of 
multiple telegraphy. A steel reed A was clamped firmly by one ex- 
tremity to the uncovered leg / of an electro-magnet E, and the free 
end of the reed projected above the covered leg. When the reed A 
was vibrated in any mechanical way, the battery current was thrown 
into waves, and electrical undulations traversed the cireuit B, E, W, 
E!, throwing into vibration the corresponding reed A! at the other end 
of the circuit. JI immediately proceeded to put my new idea to the 
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test of practical experiment, and for this purpose I attached the reed 


A (Fig. 23), loosely by one extremity to the uncovered pole A, of the 
magnet, and fastened the other extremity to the centre of a stretched 
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membrane of goldbeaters’ skin zx. I presumed that upon speaking 
in the neighborhood of the membrane» it would be thrown into vibra- 
tion and cause the steel reed A to move in a similar manner, occa- 
sioning undulations in the electrical current that would correspond 
to the changes in. the density of the air during the production of the 
sound ; and I further thought that the change of the intensity of the 
current at the receiving end would cause the magnet there to attract 
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the reed A! in such a manner that it should copy the motion of th# /} ( 
reed A, in which case its movements would occasion a sound frou 

the membrane 7! similar in timbre to that which had occasoned the 

original vibration. 

The results, however, were unsatisfactary and discouragaing. 
My friend Mr. Thomas A. Watson, who assisted me in this first ex- 
» periment, declared that he heard a faint sound proceed from the 
telephone at his end of the circuit, but Iwas unable to verify his 
assertion. After many experiments attended by the same only par 
tially successful results, I determined to reduce the size and weight 
of the spring as much as possible. For this purpose I glued a piece 
of clock spring about the size and shape of my thumb nail, firmly to 
the centre of the diaphragm, and had a similar instrument at the 
other end (Fig. 24); we were then enabled to obtain distinctly audi- 


ble effects. I remember an experiment made with this telephone, 


oe 
which at the time crave me creat satisfaction and delight. One of 
the telephones was placed in my lecture-room in the Boston Univer- 
sity, and the other in the basement of the adjoinmg building. One 
of my students repaired to the distant telephone to observe the 
effects of articulate speech, while I uttered the sentence, “* Do you 
understand what I Say ?” into the telephone placed in the lecture- 
| hall. To my delight an answer was returned through the instrument 
| itself, articulate sounds proceeded from the steel spring attached to 
the membrane, and I heard the senterce, “ Yes, 1 understand you 
| perfectly.” [t is a mistake, however, to suppose ‘that the articula- 
¥ tion Was by any eans perfect, and expectancy ho doubt had a creat 


deal to do with my recognition of the sentence ; still, the articulation 
was there, and I recognized the fact that the indistinctness was en- 
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tirely due to the imperfection of the instrument. I will not trouble 
you by detailing the various stages through which the apparatus 
passed, but shall merely say that after a time I produced the form 
of instrument shown in Fig. 25, which served very well as a receiv- 
ing telephone. In this condition my invention was exhibited at the 
Centennial Exhibition in Philadelphia. The telephone shown in 
Fig. 24 was used as a transmitting instrument, and that in Fig. 25 as 
a receiver, so that vocal communication was only established in one 
direction. 

Another form of transmitting telephone exhibited in Philadelphia, 
intended for use with the receiving telephone (Fig. 25), is repre- 
sented by Fig. 26. 

A platinum wire attached to a stretched membrane completed 
a voltaic circuit by dipping into water. Upon speaking to the 
membrane, articulate sounds proceeded from the telephone in the 
distant room. The sounds produced by the telephone became 
louder when dilute sulphuric acid, or a saturated solution of salt, 
was substituted for the water. Audible effects were also produced 
by the vibration of plumbago in mercury, in a solution of bichrom- 
mate of potash, in salt and water, in dilute sulphuric acid, and in 
pure water. 

The articulation produced from the instrument shown in Fig. 25 
was remarkably distinct, but its great defect consisted in the fact 
that it could not be used as a transmitting instrument, and thus 
two telephones were required at each station, one for transmitting 
and one for receiving spoken messages. 
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Fig. 26. 


It was determined to vary the construction of the telephone 
shown in Fig. 24, and I sought, by changing the size and tension of 
the membrane, the diameter and thickness of the steel spring, the 
size and power of the magnet, and the coils of insulated wire around 
their poles, to discover empirically the exact effect of each element 
of the combination, and thus to deduce a more perfect form of ap- 
paratus. It was found that a marked increase in the loudness of 
the sounds resulted from shortening the length of the coils of wire, 
and by enlarging the tron diaphragm which was glued to the mem- 
brane. In the latter case, also, the distinctness of the articulation 
was improved. Finally, the membrane of goldbeater’s skin was dis- 
‘arded entirely, and a simple iron plate was used. instead, and at 
once intelligible articulation was obtained. The new form of in- 
strument is that shown in Fig. 27, and, as had been long antici- 
pated, it was proved that the only use of the battery was to-mag- 
netize the iron core of the magnet, for the effects were equally au- 
dible when the battery was omitted and a rod ‘of magnetized steel 
substituted for the iron core of the magnet. 

It was my original intention, as shown in Fig. 19, and it was 
always claimed by me, that the final form of telephone would be 


operated by permanent magnets in place of batteries, and numerous 
experiments have been carried on by Mr. Watson and myself pri- 
vately for the purpose of producing this effect. 

At the time the instruments were first exhibited in public the 
results obtained with permanent magnets were not merely so strik- 
ing as when a voltaic battery was employed ; wherefore we thought 
it best to exhibit only the latter form of instrument. 

The interest excited by the first published accounts of the op- 
eration of the telephone led many persons to investigate the sub- 
ject, and I doubt not that numbers of experimenters have inde- 
pendently discovered that permanent magnets might be employed 
ntleman, Professor 
Dolbear, of Tuft’s College, not only claims to have discovered the 


instead of voltaic batteries. Indeed, One Pe 
magneto-electric telephone, but, I understand, charges me with 
having obtained the idea from him through the medium of a mutual 
friend. 

A still more powerful form of apparatus was constructed by 
using a powerful compound horse-shoe magnet in place of the 
straight rod which had been previously used (see Fig. 28). Indeed 


Fig. 28. 


the sounds produced by means of this instrument were of sufficient 
loudness to be faintly audible to a large audience, and in this con- 
dition the instrument was exhibited in the Essex Institute in Salem, 
Massachusetts, on the 12th February, 1877, on which occasion a 
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short speech shouted into a similar telephone in Boston, sixtet 
miles away, was heard by the audience in Salem. The tones Ki € 
speaker’s voice were distinctly audible to an audience of 600 
people, but the articulation was only distinct at a distance of about 
six feet. On the same occasion, also, a report of the lecture was 
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Fig. 29. 


transmitted by word of mouth from Salem to Boston, and pub- 
lished in the papers the next morning. 

From the form of telephone shown in Fig. 27 to the present form 
of the instrument (Fig. 29) is but a step. It is in fact the arrange- 
ment of Fig. 27 in a portable form, the magnet F H being placed 
inside the handle, and a more convenient form of mouthpiece pro- 
vided. The arrangement of these instruments upon a telegraphic 
circuit is shown in Fig. 30. 
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Fig. 30. 


And here I wish to express my indebtedness to several scientific 
friends in America for their co-operation and assistance. I would 
especially mention Professor Peirce and Professor Blake, of Brown 
University; Dr. Channing, Mr. Clarke and Mr. Jones. In Provi- 
dence, Rhode Island, these gentlemen have been carrying on to- 
vether experiments seeking to perfect the form of ‘apparatus re- 
quired, and I am happy to record the fact that they communicated 
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\. each new discovery as it was made, and every new step in 
their investigation. It was, of course, almost inevitable that these 
gentlemen should retrace much of the ground that had been gone 
over by me, and so it has happened that many of their discoveries had 
been anticipated by my own researches ; still the very honorable way 
in which they from time to time placed before me the results of 
their discoveries entitles them to my warmest thanks and to my 
highest esteem. It was always my belief that a certain ratio would 
be found between the several parts of a telephone, and that the size 
of the instrument was immaterial; but Professor Peirce was the first 
to demonstrate the extreme smallness of the magnets which might 
be employed. And here,in order to show the parallei lines in which 
we were working, | may mention the fact that two or three days 
after I had constructed a telephone of the portable form (Fig. 29), 
containing the magnet inside the handle, Dr. Channing was kind 
enough to send me a pair of telephones of a similar pattern, which 
had been invented by the Providence experimenters. The conve- 
nient form of mouthpiece shown in Fig. 29, now adopted by me, was 
invented solely by my friend Professor Peirce. 1 must also express 
my obligations to my friend and associate, Mr. Thomas A. Watson, 
of Salem, Massachusetts, who has for two years past given me his 
personal assistance In carrying on my researches. 

In pursuing my investigations [ have ever had one end in view, 
the practical improvement of electric telegraphy ; but I have come 
across many facts which, while having no direct bearing upon the 
subject of telegraphy, may yet possess an interest for you. 

For instance, I have found that a musical tone proceeds from a 
piece of plumbago or retort carbon when an intermittent current of 
electricity is passed through it; and I have observed the most euri- 
ous audible effects produced by the passage of reversed intermittent 
currents through the human body. A rheotome was placed in cir- 
euit with the primary wires of an induction coil, and the fine wires 
were connected with two strips of brass. One of these strips was 
held closely against the ear and aloud sound proceeded from it 
whenever the other slip was touched with the other hand. The strips 
of brass were next held one in each hand. The induced currents 
occasioned a muscular tremor in the fingers. Upon placing my 
forefinger to my ear a loud crackling noise was audible, seemingly 
proceeding from the finger itself. A friend who was present placed 
my finger to his ear, but heard nothing. I requested him to hold the 


strips himself. He was then distinctly conscious of a noise (which 
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I was unable to perceive) proceeding from his finger. In this& sf | 
a portion of the induced currents passed through the head of he 
observer when he placed his ear against his own finger; and it is 
possible that the sound was occasioned by a vibration of the sur- 
face of the ear and finger in contact. 

When two persons receive a shock from a Ruhmkortff coil by 
elasping hands, each taking hold of one wire of the coil with the 
free hand, a sound proceeds from the clasped hands. ‘The effect is 
not produced when the hands are moist. When either of the two 
touches the body of the other a loud sound comes from the parts in 
contact. When the arm of one is placed against the arm of the 
other, the noise produced can be heard at a distance of several feet. 
In all these cases a slight shock is experienced so long as the con- 
tact is preserved. The introduction of a piece of paper between 
the parts in contact does not materially interfere with the pro- 
duction of the sounds, but the unpleasant effects of the shock are 
avoided. 

When an intermittent current from a Ruhmkorff coil is passed 
through the arms, a musical note can be perceived when the ear is 
closely applied to the arm of the person experimented upon. 
The sound seems to proceed from the muscles of the forearm 
and from the biceps muscle. Myr. Elisha Gray has also produced 
audible effects by the passage of electricity through the human 
body. 

An extremely loud musical note is occasioned by the spark of a 
Ruhmkorff coil, when the primary circuit is made and broken with 
sufficient rapidity ; when two rheotomes of different pitch are caused 
simultaneously to open and close the primary circuit a double tone 
proceeds from the spark. 

A curious discovery, which may be of interest to vou, has been 
made by Professor Blake. He constructed a telephone in which a 
rod of soft iron, about six feet in length, was used instead of a per- 
manent magnet. <A friend sang a continuous musical tone into the 
mouthpiece of a telephone, like that shown in Fig. 29, which was 
connected with the soft iron instrument alluded to above. It was 
found that the loudness of the sound produced in this telephone 
varied with the direction in which the iron rod was held, and that 
the maximum effect was produced when the rod was in tix position 
of the dipping needle. This curious discovery of Professor Blake 
has been verified by myself. 

When a telephone is placed in circuit with a telegraph line, the 
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telephone is found seemingly to emit sounds on its own account. 
The most extraordinary noises are often produced, the causes of 
which are at present very obscure. One class of sounds is produced 
by the inductive influence of neighboring wires and by leakage from 
them, the signals of the Morse alphabet passing over neighboring 
wires being audible in the telephone, and another class can 
be traced to earth currents upon the wire, a curious modification 
of this sound revealing the presence of defective joints in the 
wire. 

Professor Blake informs me that he has been able to use the 
railroad track for conversational purposes in place of a telegraph 
wire, and he further states that when only one telephone was con- 
nected with the track the sounds of Morse operating were distinctly 
audible in the telephone, although the nearest telegraph wires were 
at least forty feet distant. 

Professor Peirce has observed the most curious sounds produced 
from a telephone in connection with a telegraph wire during the 
aurora borealis; and I have just heard of a curious phenomenon 
lately observed by Dr. Channing. In the City of Providence, Rhode 
Island, there is an over-house wire about one mile in extent with a 
On one occasion the sound of music and 
It seemed as 


telephone at either end. 
singing was faintly audible in one of the telephones. 
if some one were practicing vocal music with a piano-forte accom- 
paniment. The natural supposition was that experiments were 
being made with the telephone at the other end of the circuit, but 
upon inquiry this proved not to have been the case. Attention 
having thus been directed to the phenomenon, a watch was kept 
upon the instruments, and upon a subsequent occasion the same 
fact was observed at both ends of the line by Dr. Channing and his 
friends. It was proved that the sounds continued for about two 
hours, and usually commenced about the same time. 
examination of the line disclosed nothing abnormal in its condition, 


A searching 


and I am unable to give you any explanation of this curious phe- 
Dr. Channing has, however, addressed a letter 
of one of the Providence papers, giving 
full details 
of the observations, in the hope that publicity may lead to the 
discovery of the performer, and thus afford a solution of the 


nomenon. upon 
the subject to the editor 


the names of such songs as were recognized, with 


mystery. 
My friend, Mr. Frederick A. Gower, communicated to me a cu- 
rious observation made by him regarding the slight earth connection 
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required to establish a cireuit for the telephone, and tosetigh Me 
carried on a series of experiments with rather startling result Wd 
took a couple of telephones and an insulated wire about 100 yards 
in length into a garden, and were enabled to carry on conversation 
with the greatest ease when we held in our handy what should have 
been the earth wire, so that the connection with the ground was 
formed at either end through our bodies, our feet being clothed with 
cotton socks and leather boots. The day was fine, and the grass 
upon which we stood was perfectly dry. Upon standing upon a 
eravel walk the vocal sounds, though much diminished, were still 
perfectly intelligible, and the same result occurred when standing 
upon a brick wall one foot in height, but no sound was audible when 
one of us stood upon a block of freestone. 

One experiment which we made is so very interesting that I must 
speak of it in detail. Mr. Gower made earth connection at his end 
of the line by standing upon a grass plot, whilst at the other end of 
the line I stood upon a wooden board. I requested Mr. Gower to 
sing a continuous musical note, and to my surprise the sound was 
very distinctly audible from the telephone in my hand. Upon exam- 
ining my feet IL discovered that a single blade of grass was bent over 
the edge of the board, and that my foot touched it. The removal of 
this blade of grass was followed by the cessation of the sound from 
the telephone, and I found that the moment I touched with the toe 
of my boot a blade of grass or the petal of a daisy the sound was 
again audible. 

The question will naturally arise, Through what length of wire 
can the telephone be used? In reply to this I may say that the 
Maximum amount of resistance through which the undulatory eur- 
rent will pass, and yet retain sufficient force to produce an audible 
sound at the distant end, has yet to be determined ; no difficulty 
has, however, been experienced in laboratory experiments in con- 
versing through a resistance of 60,000 ohms, which has been the 
maximum at my disposal. On one occasion, not having a rheostat 
at hand, | may mention having passed the current through the 
bodies of sixteen persons, who stood hand in hand. ‘The longest 
length of real telegraph line through which I have attempted to 
converse has been about 250 miles. On this occasion no difficulty 
was experienced so long as parallel lines were not in operation. 
Sunday was chosen as the day on which it was probable other cir- 
cuits would be at rest. Conversation was carried on between my- 
self, in New York, and Mr. Thomas A. Watson, in Boston, until the 
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épening of business upon the other wires. When this happened the 
vocal sounds were very much diminished, but still audible. It 
seemed, indeed, like talking through astorm. Conversation, though 
possible, could be carried on with difficulty, owing to the distracting 
nature of the interfering currents. | 

I am informed by my friend Mr. Preece that conversation has 
been successfully carried on through a submarine cable, sixty miles 
in length, extending from Dartmouth to the Island of Guernsey, by 
means of hand telephones similar to that shown in Fig. 30. 
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mars 1857, No. 31,470, et certificat d’addition“au | 
29 juillet 1859. Expedition. 


(Introduced in Case, p. 410.) 


Demande d’un brevet d’invention de quinze ans, pris le 25 mars 1857. 
No. 31,470, pour: Procédé au moyen duquel ou peut écrire 
et dessiner par le son (acoustique), multiplier graphique- 
ment les résultats obtenus et en faire des applications 
industrielles, par Mr. Scott. 


MemorreE DESCRIPTIF. 


Le procédé que j’ai inventé consiste a fixer un style simple ou 
composé vers le centre d'une membrane mince placée a l’extrémité 
d'un conduit acoustique quelconque. 

Ce style affleure légerement une substance sensible aux plus 
legers frottements, comme une couche de noir de fumée, par 
exemple, substance déposcée sur un verre, un métal ou méme une 
feuille de papier ou d’étofte. 

La couche sensible passe sous le style avec une vitesse réguli¢re 
et cdeéterminée, connue cela se pratique dans les expériences 
ordinares d’acoustique. 

Le style trace, quand on parle, qu'on chante ou qu’on joue d'un 
instrument en présence du conduit acoustiqne, des figures ou des 
dessins en rapport avec les sons produits. 

Je fixe ensuite cette nouvelle graphie par une immersion dans 
un carbure liquide, suivre d’un bain dans de l'eau albumineuse. 

Je tire aussi directement des epreuves dites, “ nézatives” ou 
indirectement des épreuves ‘ positives ” par la photographie ou le 
transport sur pierre, ete. 

A l'aide de ce procédé et des pieces de rechange du phonauto- 

} 


craphe, fig. 2, je recueille la trace acoustique de la parole a 


a j 
‘) 


distance, du chant de la voix et de différents instruments, tig. 53. 

Je me propose Vappliquer mon procede a la construction dun 
instrument diviseur, 42 celle dun accordeur mathematique de tous 
les instruments, d’un sténographe de la voix et des instruments a 


rétude de conditions de, sonorité de diverses substances, et a 


CY 
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produire des dessins industriels pour broderies, filigranes, 


> * bijouterie, etc. 


— 


La fig. 1, indique nettement le procédé danssa plus grande 
simplicité, procédé qui est & peu prés indépendant du nombre des 
membranes minces, de leur grandeur, de la forme et des dimensions 
du conduit sur lequel elles sont appliquées, du mode de suspension 
du phonautographe et de la nature du moteur qui imprime la 
vitesse A la couche sensible. 

La grandeur de mes appareils est indéterminée, c’est-a-dire 
qu'elle s’étend dans les limites de vibration des membranes. 

Néanmoins, pour fixer les idées, la fig. 1 peut ¢tre supposée de 
srandeur uaturelle. 

n, fiz. 1, est une membrane (de caoutchoue mince, de bandruche, 
de vessie ou de papier préparé), qui recoit Vimpression des vibra- 
tions et ondulations du courant sonore amené par le tuyau acoustique. 
Cette membrane, qui dans certaines applications de la phonauto- 
sraphie peut-¢tre placée perpendiculairement a laxe du conduit, est 
oblique dans mes dispositions, afin de s’impressioner des ondes dites 
“ Vinflexion.” 

a est un anneau tendeur, mobile, supposé appliqué a toutes les 
membranes du phonautographe et qui sert a leur donner le degré 
de tension voulu. 

d est le directeur du style; c’est un petit cylindre de matiére 
trés-légére, perforé suivant son axe et collé & la membrane. Il est 
destiné a recevoir le style et a le maintenir dans une direction fixe 
et déterminée. 

Le style simple ou composé écrit les mouvements de la 
membrane sur la conche sensible mobile. 

La couche sensible est formee de noir de fumée ou d'une autre 
substance colorante déposée par volutilisation sur un papier, une 
étoffe ou une plaque de metal ou de verre. 

Linfundibulum, fig. 2, présente diverses formes, selon le but 
spécial qu’on se propose: Ainsi on peut recueillir des sons forts ou 
faibles, proches ou un peu plus éloignés, obtenir lécriture, la sténo- 
eraphie du chant ou la production de dessins. | 

L’éxtrémitée inférieure de chaque infundibulum est armée d’une 
membrane, perforée ou non selon les cas, qui s'approche ou s‘éloigne 
de Vorifice de infundibulum au moven dun tirage, et peut ainsi 
étre situce ou non sur un ventre ou un noeud de vibration. 

A, est une piece composée, qui est la méme pour les différents 
infundibulums, piece trone conique ou cylindrique, elliptique, et 
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° , 
formée de tubes recuvrants, d’un second tirage et d’une membyprie j 
avec son anneau et son style, membrane analogue de la fenétre 
ovale de louié. 

Le tirage de cette piece, réglé par une vis graduée, est destiné a 
comprimer l’air entre les membranes, si elles ne sout pas perforées, 
et a régler la longueur du tuyau pour les sons graves ou aigus 
propres aux differents instruments. 

B, caisse a air ou caisse du tympan pour augmenter l’intensité 
des sons et la sensibilité des membranes pour les sons faibles ou 
éloignés. 

Dans cette figure, les trrages, au nombre de trois, agissent dans 
des limites etendues et font varier, selon le besoin, la capacité 
intérieure de linstrument et sa longueur. | 

T, tirages appliqués a des parties cylindriques ou faiblement 
coniques, et qui doivent ¢tre, autant que faire se peut, imperméables 
a air. Ils s’operent par glissement de surfaces polies les unes sur 
les autres et sont réglés par une vis de graduation. 

Dans la fig. 3 on voit que la couche sensible passe sous le style 
mis en mouvement par l’action d'une trompette a distance, avec une 
vitesse déterminée par le mouvement d’une pendule et que rend 
uniforme un moteur emprunte a l’horlogerie ou a_ Jlélectriciteé, 
moteur qui n’est pas représenté dans la figure. 


Demande dun ecertificat d’addition, en date du 29 juillet 1859, au 
brevet (invention de quinze ans, pris le 25 mars 1857, 
No. 31,470, pour: Procédée au moyen du quel on peut écrire 
et dessiner par le son (acoustique), multipher graphiquement 


les resultats obtenuset en faire des applications industrielles. 


pal Mr. Scott. 


MEMOIRE DESCRIPTIP. 


Par la phonautographie, on se propose dobtenir facilement une 
impression correcte des mouvements rapides et specialement des 
mouvements vibratoires qui saccomplissent dans lair et qui sont 
produits par des agents quelconques, mecaniques, physiques ou 
physiologiques, et entre autres par les instruments d’acoustique, de 
musique, ou méme les voix. 

Le brevet invention repose essentiellement sur trois moyens 


j | ’ 
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‘ 
: 1 wali soit séparément, soit par leur réunion, sont |’ame des divers 


~ 


\appareils dont se compose la phonautographie. 

Ces trois moyens sont: 

1°. L’application d’un style sur une membrane placee a 
’éxtrémité d’un conduit dont les formes peuvent varier selon l'objet 
special qu'on a en vise. 

2°. L’emploi d’un style souple, d'origine animale ou végetale, et 
composé d’une ou plusieurs parties. 

3°. La fixation, au moyen d’un ou de plusieurs bains chimiques, 
du tracé obtenu sur un papier ou tissu revétu d'une couche d'un 
noir de lampe spécial. 

J‘insiste sur ce point que ces moyens constituent trois applica- 
tions quon peut faire aux sciences et aux arts isolément ou 
combinées deux a deux. 

Par exemple, le style peut étre adapté a un étre ou a un objet 
en mouvement pour inscrire sur la couche sensible ses déplacements 
et les mesurer, ou bien sur des moteurs ou des mécanismes tres- 
varies. 

La fixation du noir de lampe impressiouné permet de conserver 
la trace des mouvements d’agents animés ou inanimés et des dessins 
naturels tellement subtile qu’on n’aurait pu se les procurer autre- 
ment. 

Ces trois moyens réunis, et appropriés par différentes disposi- 
tions ala nature des phénoménes qu’on se propose d’enregistrer, 
suffisent pour obtenir une image graphique, fidcle et détaillée dun 
trés-grand nombre de phénomeénes produits dans lair qui nous 
environne. 

On concevra sans peine combien il est curieux, au point de vue 
de la science, de conserver la representation exacte des phases par 
lesqueiles passe un phénomeéne qu’on avait cru simple pendant un 
intervalle de temps insaisissable a nos sens par sa brievete, quelques 
milliémes de seconde seulement. 

La phonautographie, par exemple, met aux mains des physiciens 
et des physiologistes un diagramme naturel des ¢tats successifs ou 
simultanés des corps qui sont la cause primitive de nos 
sensations. 

La plupart de ces mouvements sont si délicats et si rapides, que 
leur inscription sur une couche sensible présentait les plus grandes 
difficulteés. 

Le frottement du pinceau le plus léeger en marque enticrement 


la loi. 


BREVET SCOTT DU 25 MaRS, 1857. ? 665 


J'ai done dt adopter en phonotographie un style ferme et soupy 
a la fois, sans poids appreciable, completement différent sous ce 
rapport du style métallique employé par Monsieur Wertheim pour 
écrire les vibrations des solides. 

Le style phonautographique a pointe trés-fixe, inarque, par une 
sorte de balayage; sa trace sur une couche mince de noir de lampe 
produite par une huile spéciale et déposée par voie de sublimation. 
Ktant suspendu a létat semi-fluide, ce noir n’a presque aucun 
adherence avec le papier ou tissu qui l’arréte pendant son 
ascension. 

L’image phonautographique aussitét formée est fixée par le procédé 
décrit dans le brevet et plus spécialement ci-dessous. Elle peut 
étre ensuite multiplice, s'il y a leu, par les moyens connus. 

J’avais applique un moteur a mouvement uniforme pour com- 
muniquer un va-et-vient progressif et régulier a cette couche. 

‘J'ai reconnu que depuis, pour un trés-grand nombre d’applica- 
tions, ou pouvait se contenter du mouvement continu d’un cylindre 
mu par une vis en helice s’avancant dans une écrou fixe. 

: Cette disposition est employée daus les cours de physique. 

: L’expérimentateur est dispensé de l’uniformité de mouvement de 
la‘couche sensible; il lui suffit alors, pour compter Je temps ou 
mesurer la durée d’un phénomene, si court qu'il soit, de faire 
pointer simultanément sur le cylindre en mouvement un chronometre 
a secondes ou un diapason armé du style souple et étalonné a une 
nombre déterminé de vibrations, par exemple, 1000 ou 500 par 
seconde. 

: J’ai.ajouté depuis la prise du brevet a l’anneau tenseur de la 
membrane une piece d’abord nommeée “ manche du marteau,” par 
arialogie avec une disposition analogue de lorgane de l’ouié, mais 
que j'appellerai aujourd'hui, pour plus d’exactitude, le subdiviseur 
de la membrane. 

Cette picce sert a determiner dans la membrane des lignes nodales, 
telles qu’elles permettent d’écrire un son pour lequel, sans le secours 
de ce dispositif, le style se fut trouvé placé sur un neeud de vibration 
de cette membrane. 

Une difficulté grave était 4 vaincre pour réunir convenablement 
les ondes sonores sur la membrane. Les conduits sont d’autant 
plus impropres a conduire les voix qwils vibrent plus facilement. 

Dans un tel conduit, une partie notable de la vibration de fluide 
sé transforme par voie de communication en vibration de solide, et 
perd ainsi beaucoup de sa force vive initiale. 
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conduit est un peu long, la membrane peut demenrer 
presque insensible ‘& un son dintensité médiocre. J'ai done du 
m’arréter aux conduits faits de maticres insonores (platre coule ou 
pites solilifiées) et leur donner une certaine €paisseur. 

Le mode de procéler, pour obtenir des épreuves phonauto- 
sraphiques, est trés-simple. On enroule, en la tendant, une bande 
de papier sur le cylindre. On charge ce papier, qui tourne avec 
une vitesse a peu pres uniforme, d'une couche ézale, opaque, excessive- 
ment mince, de noir de fumee. 

Vers le centre de la membrane est place le style, dont l’éxtremiteé 
qui trace est tirée d'une plume de certains oiseaux. 

Cette pointe si teinse obéit a tous les mouvements simples ou 
complexes de la membrane. 

Dans cet état, on présente le style au cylindre de la maniere 
quil lefleure tout en restant invariable dans la direction de sa 
lampe. 

On fait entendre le son a Jouverture de la cuve ou conduit, la 
membrane entre en vibration, le style suit ses mouvements et son 
extrémité trace sur le cylindre qui décrit une heélice continue les 
figures de la vibration de son produit. Elles en marquent le 
nombre et le timbre. 

Ces figures sont amples quand le son est intense, microscopiques 
sil est trés-faible, écartées quand il est grave, serrées sil est aigu, 
d’un dessin rézulier et franc si le timbre est pur, inégales et comme 
tremblees s'il est mauvais ou voile. 

Voici maintenant la série d’expériences intéressantes pour les 
physiciens, les physiologistes, les facteurs d instruments, les 
amateur de sciences, qu'on peut deja exécuter avec lappareil. 

1°. Ecrire le mouvement vibratoire d’un solide queleonque pour 
servir de terme de comparaison avec les mouvements d’un fluide; 
compter les nombre des vibrations exécutées par ce solide dans 
unite de temps au moyen du chronométre pointeur. 

2°. Un diapason ayant, par le moyen de l’expérience précédentg, 
été étalonne a un nombre determiné de vibrations dans lunitée de 
temps (900 a 1,000 par exemple), compter, en les faisant écrire 
simultanément, le nombre de vibrations accomplies par tout agent 
capable de vibrer (solide ou fluide) dans un espace de temps aussi 
court l'on voudra (quelges milliemes de seconde). 

Kxemple: Compter et mesurer les phases diverses d’un bruit et 
les intervalles de temps compris entre des phénoménes sonores 
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tapides et successifs ; éprouver la sonorité relative des mét mall deg 
alliages, des bois, wig ' 

3°. Ecrire les vibrations produites dans une membrane par un 
ou plusieurs tuyaux sonnant simultanément; en compter le nombre, 
en montrer les phases; obtenir la figure ou diagramme acoustique 
de chacun des accords et des dissonances ; écrire de méme le haut 
(instruments a vent quelconques, montrer le timbre propre de ces 
instruments, écrire le mouvement composé résultant des sons de 
deux ou de plusieurs instruments jouant simultanément. 

4°. Eerire le chant d’une voix, en mesurer |’étendue par le 
chronométre pointeur ou le diapason étalon-pointeur; écrire la 
gamme d'un chanteur; en mesurer la justesse par le diapason 
pointeur, en montrer la pureté ou Visochromisme des vibrations, 
ainsi que le timbre; écrire une mélodie et la transcrire a Taide du 
diapason pointeur, écrire le chant simultané de deux voix et en 
ore laccord ou le désaccord. 

. Etudier acoustiquement les mouvements physiologiques ou 
patologiques de Vappareil vocal et de ses parties pendant les 
différentes émissions du son, le cri, etc., marquer le timbre propre a 
une voix donnée. 

6°. Etudier la voix articulée, la déclamation; montrer les 
diagrammes syllabiques. 

7°. Inserire par la reunion du deuxieme moyen (le style flexible) 
et du troisi¢me (la fixation) les mouvements du pendule, du touton 
ou toupie, de Vaiguille aimantée, le mode de locomotion d'un 
insecte, ete. 

Eerire au moyen d’un conduit acoustique de _ plusieurs 
centaines de métres de longueur des sons ou des signaux produits a 
des distances plus ou moins étendues. 

9°. Kerire, sans le sccours de conduits, des signaux produits sous 


une eau tranquille a des stations éloignées de plusieurs kilomcties. 


1. LE CYLINDRE ET SON MOUVEMENT. 


L’axe du cylindre est en fer. 

L’une de ses extremités est une hélice chariotéee en acier. 

L’écrou et le coussinet sont en Cuivre. 

Une disposition de Vécrou permet de rendre la liberte au 
‘evlindre pendant Vopération du noircissage. Le bati qui le 
‘supporte est en forte et fixé 4 vis dans le plateau de chéne qui sert 


DEFENDANTS EXHIBITS. 


668 


de base a tout Pappareil. Le pas de Vhélice permet de faire écrire 
le chronométre ou le diapason dans Vinterligne. 

Le cylindre est mia la main par une manivelle, disposition qui 
donne le moyen de ralentir ou d’accélérer le mouvement suivant le 


degre de rapidite du trace a obtenir. 


2. CHRONOMETRE ET SON SUPPORT. 


Le chronomeétre pointeur employe dans l'appareil et destiné a 
étalonner un son de solide ou de fluide est celui imagine par M. 
Recdier. 

Une pointe préparée pour cet office porte un style souple qui est 
nn contact avec le cylindre dans l’entreligne du tracé phon- 


mis 
autographique. 

Un échappement le reléve pendant une duree de six secondes. 

On obtient ainsi sur chaque bande des serrés de six secondes ; le 
sixieme de chacune est le nombre de vibrations executees en une 
seconde de temps. 

Lie support du chronométre posséde tous les mouvements et 
clisse librement en tous sens sur le plateau qui porte lappareil. 

On comprendra que tout autre chronometre pointeur ou tout 
autre SUPPOLt pouvait etre employe, est que c'est le pointage meme 
du temps sur le cylindre au moyen d'un chronometre qui fait Vobjet 
de la presente addition, 

o. LE DIAPASON POINTEUR ET SON SUPPORT. 

Ce diapason pointeur, étalonné a une nombre de vibrations mutiple 
de 500 a 1,000, par exemple, reimplit le meme oftice que le chrono- 
mctre. Seulement, au heu de compter les secondes, ce sont les 
milliiemes de seconde qu ‘il indique en entreligne sur le cylindre. I] 
tournit aisi le moyen de compter les bruits, les sons ou les signaux 
dune extreme brievete. Il devra ¢tre tenu 2 une distance de la 
membrane suffisante pour qu'elle ne soit pas influencee par ses 
vibrations. Ce diapason est monte dans un support analogue a celui 


du chronometre. 


t. LA MEMBRANE ET SON APPAREIL DE TENSION. 


La maticre de la membrane peut changer avec le but qu’on se 
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On emploie également bien la bandruche, le -autchoucg/Sot 
la vessie, un velin animal, ou méme le oolindiion. 

Il est souvent utile, pour leur donner de la sonplesse et reme tdier 
a Vhygroscopicite, d’enduire les membranes de glycérine. 

L’anneau _ ‘henseur de la membrane, que j’appelle aujourd’hui 
“tenseur,’ et le directeur du style, que j’appele “ subdiviseur de la 
rotons ‘Gilieea en quelques points de ce qui est figuré dans 
le brevet. 

La membrane est amenée a l'état de tension convenable au 
moyen de deux anneaux sur l’un desquels elle est fixée. 

Les deux anneaux se rapprochent ou s’‘écartent au moyen de vis 
dans les timbales. . 

Le subdiviseur de la me walweinn est fixe a lanneau inférieur; il 
se compose d’une petite planchette mobile a rainure qui recoit a 
lun de ses bouts une vis destinée as’enfoncer plus ou moins dans 
la membrane. 

Cette planchette et son support sont fixés dans la position 
requise au moyen de vis. 

L’anneau qui porte la membrane tourne a frottement sur un 
tuyau court et conde. 

Ce dernier ajustement est destiné a donner a la membrane une 
inélination convenable sur l'axe de tuyau court. 

Ce tuyau glisse lui-méme a frottement dans lorifice de ja cuve 
qui fait face au cylindre. 

~ On obtient au moyen de ces dispositions toutes les directions 


et les différentes approches du style sans déplacement de la cuve. 


5. LE STYEE SOUPLE. 


Le style est formé de lextrémité de la barbule d’une plume, 
collée sur une hampe non-clastique prise dans la portion mediane 
dune organe flexible qu’on trouve chez certains crustacés, les grosses 
crevettes, par exemple. 

On comprend que lemploi de ces deux subtances particuli¢res 
nest pas de rigueur et que j'ai du indiquer les substances d’origine 
végétale ou animale jouissant des mémes propric¢tés. 

La division du style en deux parties de nature différente m’a 
paru trés-importante pour le bon succés des opérations, et j’y insiste 
dans ces certificats, 
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iy \; f 6. CUVE ET SON SUPPORT. 


Cette cuve doit étre, comme je l’ai expliqué, d'une matiére aussi 
insonore que possible et d’une certaine épaisseur. 

Ces formes, ainsi que je l’ai dit dans le brevet peuvent é¢tre 
varices, afin de s’approprier au but spécial qu’on se propose. 

Ainsi elle peut-étre une simple cupule annexée au tuyau court 
de la membrane pour étudier, par exemple, le timbre de la voix et 
articulation; un conduit modelé sur la forme du conduit auditif 
externe de loreille, pour des études particuli¢erement physiologique ; 
un vaste cornet acoustique, un paraboloide de révolution, ete. 

La cuve de l'appareil construit est une portion d’ellipsoide de 
révolution coulée en platre stuqueé. 

Lorifice qui communique avec la membrane occupe un des 
foyers de l’ellipsoide et lagent producteur du son est vers l'autre 
foyer situé en avant de la cuve et a l’air libre, ce qui offre l’avantage 
de ne pas altérer le timbre comme dans les cas ou le son est produit 
dans la cuve méme. 

Cette cuve a paru trés convenable, en ce sens qu'elle s’adapte a 
un grand nombre d’expériences et permet de présenter plusieurs 
instruments devant son entrée. 

Le brevet comprend, néanmoins, tout conduit a lextrémité 
duquel on peut placer une membrane arinée d'un style. 

Le support de la cuve est coulé en fonte; il se compose d'une 
sorte de crénailli¢re oblique qui permet d’élever la cuve ou de la 
descendre a volonté. La branche antérieure du support porte une 
vis calante au moyen de laquelle on éléve lorifice de la cuve 


portant la membrane a la hauteur requise. 


7. LA LAMPE FUMEUSE ET LE NOIR SPECIAL. 


J’emploie une lampe sans courant d’air; elle porte une grande et 
large meche plate. 

Le noir de lampe est obtenu par un mélange de deux tiers 
environ d’huile a briler non épurée et d’un tiers d’huile de résine 
de deuxiéme distillation. 

Il faut veiller au bon état de la méche et remuer le mélange a 
chaque opération, car Thuile de résine, plus lourde que l’huile 
ordinaire, se précipite au fond. 

Pour noircir, on fait tourner le cylindre et on proméne sa lampe 
allumeée a 7 ou 8 centimétres au-dessous du papier tendu, 
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S. FIXATION DES EPREUVES. 


Elle s‘obtient par un trempage fait avec précaution dans un 
premier bain (alcohol pur; l’épreuve, ayant recu ce commencement 
de fixation et ctant séchée, est ensuite enduite au moyen de la 


solution dune résine dans l’acohol. 
La sandaraque réussit bien comme fixatif et remplace avec 


avantage Peau albumineuse. 
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(No. 82. Defendauts’ Exhibit from “ Yearly Keport of the Physical 
Society ” of FRaNKFurR’ a. M.) 


AUS DER NATUR.—Vol. XXI, page 470. 
J. A. W., Sp. Exr., Dee. 4, ’84. 


Reber Telephonie ourd) den galvanifhien Strom. 
Von Philipp: Reis. 


Die uberrafdhenden Ergebniffe im Gebiete ver Telegraphic haben woh! 
fdyon oft die Frage angereqt, ob e3 nicht aud) moaglich fei, die Tonfpradhe feibt 
Direct in Dte Ferne mitguthetlen. Die rabinr ziclenden BVerfuche fonnten jerod 
bis jest ein ecinigermafen befriediqendes Nefultat nicht liefern, weil rie 
Sdwingungen fealllettender Medien balo fo fehr an Antenfitat abnebmen, 
dap fte fur unfere Stnne nicht mebr wahrnebmbar fine. 

An eine HMeprovductton der Tone tn gewiffen Entfernungen durch 
Hilfe ves qalyanifcden Stromes hat man vielleicht qedacht ; aber an ver prafti- 
fchen Lojung dicies Problems haben jerenfalls grave viejenigen am meiften gez 
sweifelt, welche Durd) ibre Renntnife und Hulfsmittel bepabigt gewejen waren, 
die Wufgabe angugretfen, — Dem mit ver Lebre der Phy uur oberfladhlich 
Befannten fehetnt ote Aufqabe, wenn er otefelbe uberbaupt fernt, weit wente 
qer Schwiertafetten zu bteten, weil er eben die metiten nicht yorausftebt. So 
hatte auc) ich vor etwa 9 Gabren (iit viel Begeriterung fur Das Yleue und 
nur ungureichenten Renntniffen ino rer Phynf) ote Kububert, dre ermahnte 
Aufaabe lofen gu wollen, mupte aber bald Dayon abjteben, weil gleich der erfte 
Verfuch mid) yon ver Unmiglichfeit ver Lofung feft Uberzeugte. 

Spiter, nad) weiteren Sturien und manden Erfabrungen, fab tay wohl 
cin, DAG mein erfter Verjuch ein febr roher, ferneswegs uberzeugender gewefen ; 
ich griff- aber vie Frage in der Folge nicht wierer ernftlich auf, wel tdy mid 
den Hinderniffen ves zu betretenden Weges nicht gewachjen fublte. 

Sugendeineriice find aber ftarf und daber nicht leicht zu verwifden. Bd 
fonnte den Gedanfen an jenen Erftlingsverfucy und feine Veranlaffung trog 
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aller Ginforache res Berftandes nicht los werden, und fo wurde denn, hall 
ohne e3 gu wollen, in mancher Mufeftunde das Gugendproject wieder Purdy. 
genommen, die Schwierigfciten und die Hitlfsmitrel gu deren Ueberwindung 
abgewogen und — zum Erperiment yorerit nod) nicht gefchritten. 


Wie follte cin eingiqes Gnftrument vie Gefammtwirfungen aller bet ver 
menfdlichen Sprache betbatigten Organe gugletd) repropuciren 2 Dtefes war 
immer die Cardinalfrage. Cnodlicy fam ich auf ven Einfall, viefe Srage are 
Derd zu itellen: 

Wie nimmt unfer Obr ote Gefammtfshwingungen aller zugleids thatt 
gen Spradorgane wahr? Oder allgemeiner genommen : 

Wie nehmen wir die Sdchwingungen mebhrerer zugleicd tinender Korper 
walr ¢ 

lm diefe Frage zu beantworten, wollen wir zunddft feben, was ge- 
icheben mug, Damit wir einen etngelnen Don wabhrnehmen. 

Ohne unfer Obr it jeder Ton nichts, als eine tn ver Secunde mebhrerez 
mal (minreitens T—8) wiererbolte VBerdidtung und Berdiinnung eines Kore 
vers, ‘yindet Dtefes in vemielben Medium ftatt, in dem wir uns befinden, 
fo wire die Meembrane unjeres Obres bet jeder Berdichtung nach der Paufenz 
Hihle su qedrangt, um bet ver nadfolgenden Bereiinnung fic) nacy ver entz 
gegengefebten Seite zu bewegen. Diefe Sdwingungen bedingen etn mit terz 
felben Gejchwindigfett erfolgendes WAufheben und Mieverfallen oes Hammers 
auf det Ambof (nad) Wnderen: Annaberung und CEntfernung der Gehorz 
fuochelatome) und eine ebenjfo grofe Anzahl von Erfchittterungen der 
SHhueenMlilfigfert, in welcher der Gehornery mit fetnen Enden fich ausbrettet. 
Se grower vie Verdichtung des fcballlettenden Mediums in einem gegebenen 
Moment, defto grofer Die Schwingungsamplitune der Membrane und res 
Hammers, defto fraftiger folglich oer Schlag auf den AmbofR und die Er 
fchiitterung der Rerven durdy) Vermittelung der Fliffiafeit. — 

Die Beitimmung der Geborwerfyeuge tit es demnach, jede in dem fie 
umugebenden Mentum entitehende Vervicdtung und Verdiinnung bis zu vem 
Gebdrnery mit Sicherheit zu itbermitteln. Die Beftimmung oes Gebsr- 
nerys aber, die tn gegebener Beit erfolgten SGchwingungen der Materic, fo- 
wohl der Sahl als ver Groge nach, gu unferem Bewustiein zu bringen. — 
Hier erft wird gewrijen Combtationen cin beftimmter Names hier erft werz 
Den Die Sdhwingungen Cone over MifPtore. 

Das vom Gebornery Empfunrene ift demnad) einfach) pie gu unferem 
Bewuhticin gelangende Wirfung einer Kraft, und diefe lat fid) nad) Dauer 
und Groge durd) eine Curve graphifdh darftellen : 

Die Linte ab begeidyne uns eine beliebige Beitdauer und die Curve tiber 
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ber Linte Berdidjtung (+), die Curve unter der Linie Berdiunnung (—), fo 
gibt uns jede am Ende einer Uhjciffe erridjtete Ordinate die Beroidtungstarfe 
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in dem durcdy ihren Sufpunft bezcicdyneten Moment, in Folge deren das 
Trommelrell fc winat. | 

Etwas mehr, als das durch abnlicde Curven Daritetbare fann unfer 
Obr fehlechterdings nicht wabrnebmen und genitat diefes auch vollfommen, 
um uns jeden Lon und jete Tonverbindung jum flaren Bewustfein yu 
bringen. | 
Wenn mebrere Tone zu aletcher Bett ergeuqt werren, fo ftebt das fchall- 
(eitende Merium unter dem Einfluife mebrerer qleichseitiger Krafte und es 
qelten folgende gwet Selese : 

Wirfen die Krafte alle tn demjelben Sinne, fo tft vie Bewequnagarofe 
proportional ter Guinime der RKearte. Wirfen dte Krafte nach entgegen- 
gefesten Ridtungen, fo itt ote Bewegungsgqrope proportional per Differen; 
Der entgegenwirfenden RKrarte. 

Stellen wir etwa fur dret Tone die Verdidhtunas-Curve jeoes einzelnen 
var (Taf. L), fo fonnen wir turd) Summirung der Orvinatenglether Abe 
cifjen neue Orvinaten beftimmen und eine neue Curve entwiceln, welche wir 
Combinationsfurve nennen wollen. Dtefe gibt uns nun ganz genau an, was 
unjer Obr von den Pret gleicdhseitiqen Toinen emypfinret. - Dak ein Mufifer 
Die Drei Tone wierer berausfennt, durfte uns dabei ebenfowenta wundern, 
alS pie Thatyache, Daf ein mit der Farbenlebre Bertrauter aus Grin, Blau 
und Gelb wiederfindet ; die Combinationseuryen yon Taf. L. xeigen aber riefe 
Schwierigfert febr gering, Da ur denielben alle Verbaltnife der Componenten 
fucceifive witederfebren. Bet AeeorDen yon mehr als dret Tonen (Taf. IL.) 
find tie BVerbaltnifje allerdings in der Sercdhnung nidst mebr fo leicht gu 
sucrfennen. E38 fallt aber auch rem geiibten Mluftfer icon fewer, in folden 
Accorven die Eingeltone wieder zu beftunmen. 

Taf. LIL zeigt uns eine Diffonany. Warum uns Diffonanzen gerare 
unargenehin bertibren, uberfatye icy cinitwerlen der Wnidauungswere der ge- 
ebrten Vefer, um fpater in cinem anderen Wuflase vielletdt Darauf zurudjuz 
fommen. 

Aus dem Borhergebenden folat : 

1) Seder Ton und jeve Tonverbindung erzeugt in unferem Gebor, wenn 


fie dafjelbe trifft, Schwingungen ded Trommeifells, deren Gang curd) ene 


Curve dargeftellt werden fann. 
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fy \ 4 2) Der Gang viefer Schwingungen allein bringt in uns ven Begriff 
(die Empfindung) des Tones heryor und jere Ganganderung mugFf den Begriff 
(die Empfindung) anvern. 

Sobald e8 aljo moaglich fein wird, irgentwo und auf irgend eine Weife 
SHhwingungen gu erzeugen, deren Curyen denjenigen eines beftummten Tones 
oder ciner Tonverbindung gleich) find, fo werden wir denfelben Etnorud haben, 
Den der Ton over die Tonverbindung auf uns gemacht hatte. | | 

Sufend auf obiqen Pringtipten, ift eS mir nun gelungen, emen Apparat 
su conftruiren, mit weldem ic) im Stanre bin, Tone verfebierener Buftru- 
mente, ja bis gu einem gewijjen Grate die menfadlide Stunme gu reproduz 
ciren. Derfelbe ift febr einfacy und wird mit Hilfe der Fig. durdy Golrendes 
flar erlautert werden : 
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An dem Holgwiirfel rstuvwx ift vie conijde Hoblung a durdy die 
Membrane b (aus Schweinspiinndarm) einerfeits verfdlofjen, auf reren 
Mitte cin ftromleitendes Streifcben Mlatin feftaefittet it. Diefes ftebt mit 
der Klemme p in VBerbindung. Bon Klemme n fubrt ebenfalls em runnes 
Metallitreifcen tiber die Mitte der Membrane und endigt hter tn etn rect 
winfelig zu feiner Langenare und Breitfeite ftebendes Platindrabhtden. 


Bou Klemme p fiibrt cin Leiter durch die Batterte nad) etner entfernten 
Station, endiqt dort in eine Sypirale yon mit Ceide umfponnenen Rupferz 
Drabt, die ibrerfeits in den gur Klemme a fiubrenten IMidletter muncvet. 

Die Sypirale der entfernten Station ift circa 6’ lang, tragt 6 Yagen 
Diinnen Drabt und nimmet in ver Mitte einen Stricorabt als Kern auf, der 
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auf beiden Seiten cirea 2” yorftebt. Mit den yvorftehenden Enten res 


DOrahtes rubt die-Spirale auf zwet Ctegen emes Reyonangborens.  (Hiever 


ganze Theil fann natirlicdy purch jeden Wyparat erfewe werden, mittelit veffen 
man Das befannte , Lonen durdy Galyanismus” heryorbringt.) 

Werden nun Tone over Tonyerbindungen in ver Nabe res Wiirfels fo 
heryorgebracht, Daf nod) binreichend ftarfe Wellen in die Oejffnung a treten, 
fo bringea diefelben die Membrane b in Sadwingungen. Bei ver erften Verz 
Dichtung wird Das hammerformige Drabtden a guriicgedrangt; bei rer Bere 
Dunnung Fann dastelbe der gurucdidwingenden Membrane nidt folgen und 
rer Durd) die Streifden qebende Strom bleibt fo lange unterbrocen, bis die 
Membrane, dDurdy eine neue Verdtehtung getrieben, tas Streifdyen (yon p) 
wicter and prdanat. Jn diejer Werle bringt jede Schallwelle cin Oefnen 
und cin Sadsltefen des Stromes bheryor. 

Bet fedem Sahliefen der Kette werden aber in Dem Eityeurravte ver ent- 
fernten Gpirale die Wtome yon etnander entfernt CPouillet Miller S. 304 
ped 2. B. ver 5. Wufl.). Beim Unterbrecden des Stromes fuchen vdiefelben 
ihre Gleidhqewidhtslage wierer zu erretc&hen. Bit vies gefcheben, fo machen 
fie in Folge ver Weehfelwirfung von Clajtigitat und Tragheit eine WAngalt 
Shwingungen und geben den Yongitudinalton ves Stabes. (Siehe wie 
oben.) Co verhalt es fich, wenn vie Unterbredbungen und Schlichun.en ves 
Stromes verhaltnifmap'g langfam yorgenommen werren. stg Diez 
felben aber fcbneller auf einander als die Durd) Die Claftizitar beding:en L 
lationen de3 ap agua fo fonnen die: Atome ibre Bahnen nicht yo itanpia 
durdylaufen. e guriicfaelegten Wege werden um fo furger, je rafcer die 
cauaiiedin te, dafur aber eben jo baufig, ald diefe. Der Cifenftab 
qibt nicht mebr fetnen Longitudinalton, jondern einen Ton, deffen Hohe over 
Liefe rer Unterbredunggangzabl (in gegebener Bett) enmprict. — Das will 
aber nichts Wnrereds fagen, ale: Der Stab reproducirt den Ton, 
der dem Unterbredhungsapparat ect brft wurde, — 
Wich oie Starfe dretes Tones jiebt un BWerhaltniB zum Originalton, denn, je 
fiaifer Diefer, defto grofer die Beweguugen des Cremmelfells, veto grofer 
vie Bewegung oes Hammercens, defto groper endlich die Seittauer, wahrend 
welcher die Kette qebdfinet bletht und folglich defto groper, bid gu einer gemrffen 
Srenze, Die Bewegung der Wtome tn Dem Meproductionsprabt, welche wir alg 
qropere Sshwingung empfinden, ganz fo, wie wir die Originalwelle empfuns 
Der haben witrden, 

Da die Lange ves Leitungsorahtes hierbet jerenfalls ebenfo weit aus 
gedehnt werden darf, wie bei directer Telegraphic, fo gebe id) meinem Snitruz 
mente den Namen ,Lelephon’. 
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Was nun die Leiftungen des Telephons anbelanat, fo fet bemerft, dah 
, * th damit im Stande war, den Mitglierern einer zablretdhen Verfammlung " 
(Des phyfifalifden Bereind su Franffurt a. Me.) Melovien horbar zu machen, " 
welche in einem andern Hauje (circa 300/ entfernt) bet gefcbloffenen Thiuren : 
(nicht febr faut) in den Wpparat gefungen wurden, 


or teal 


Andere Berfuche ergaben, dah ver tinende Stab im Stande ift, vollz 
ltandige Dreiflange eines Claviers, auf dem das Telephon fteht, gu reproonz | 
ciren, und Daf endlich derfelbe ebenfogut die Tone anderer Snftrumente : Darz | 
monifa, Clarinette, Horn, Oraelpfeife 2c. wiedergiebt, vorausgefept, Dap die 
LHne einer gewiffeu Lage yon F—F cirea angeboren. 

Daf bet allen Verfuchen binreichend controlirt wurde, ob directe Sdalle 
leitung nicht mit im Spiel, verfteht fi von felbit. C3 gefdyteht viefe 
Controle febr einfach durch zeitweife Herftellung einer guten Nebenfdbliefung 
unmittelbar yor Der Sypirale, wonurd) natiirlidy die Wirffamfett derfelben 
momentan aufbort. 


C8 war bid jest nicht moalih, die Tonfprade des Menfdyen mit einer 
fiir Seden hinretchenden Deutlichfeit wiederjsugeben. — Die Confonanten 
werden aroftentheils gtemlich veutlich reproducirt, aber dte VBofale nod) nidyt 
im gleichhen Grave. QWoran diefes liegt, will ich verjuchen zu erflaren. 

Nach Berfuden yon Willis, Helmbols und Wndern fonnen Bofaltone 
fiinftlich beryorgebracht werden, indem man die Sdchwingungen eines Korpers 
scitwetie Durd) Die eines anderen verftarfen lagt, etwa nach folgendem Schema: 

Eine elajtijche Feder wird durch den Stos eines Nadsahnes in Sdhwinz 
quigen verfebt: Die erfte Schwinaung tft die grofte, jede andere immer 
fleiner als die ihr vorbergebende (Fty.) 


a a 


a 


Kommt nud einigen Sdwingungen diefer Wrt (obne daf ote Feder vorber 
sur Rube fommt) cin neucr Zabnitos, fo wird die nachjtfolgende Sdwingung 
wieder cine gropte fein und fo fort. 


Die Hobe over Tiefe res auf viele Weife erseugten Tones hangt yon 
der Anzahl der in einer geaebenen Zeit gemachten Sdwingungen ab; der 
Charafter des Tones aber yon der Anzahl ver Anfdwellungen (Gabnitope) tr 
verfelben Beit. — Zwei Bofale wurden fic) bet gleicer Tonhobe etwa auf 
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die Durd) die Curven (Fig. 1, 2) angedeutete Weife unterfcheiden, wabrenr 4 4 
derfetbe Lon ohne BVofaldharafter durdy die Curve (Fig. 3) dargeftellt wiirde. 


Are. Lz 
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Unfere Spradborgane erzeugen die Bofale wabriceinticds in verfelben 
Weife durch) combinirte Wirfung der oberen und der unteren Stimmbanver, 
oter Dicfer lesteren und Der Mlundhoble. | 

Mein Apparat gibt nun wohl die Anzahl ver Sdwingungen, aber mit 
weit geringerer Starfe alg die der urjpringliden; wenn auch, wie icy Urfadve 
habe angunebmen, immer nocd bis gu etnem gewifjen Grade proportional 
unter fic. Sedenfalls ift aber bet den durchweg fleineren Schwingungen die 

wd Differeng gwifden grofen und fleinen viel fdywerer gu erfernen als bet den 
“Originalwellen, und ver Bocal aber mehr oder weniger unbeftimmt. 

Ob meine AWniichten in Betreff der den Tonverbindungen entiprechenden 
Curven richtig find, durfte viellercht mit Hilfe des neuen yon Dubamel angez 
qebenen Pdonautographen (Bierordt, Phyftol. S. 254) entihieren werden, 

Bur praftifcen Verwerthung des Celephons durfte vielleidt nod febr 
viel gu thun brig bleiben. itr Die Poof hat es aber fchon dadurch binz 
retchend Sntereffe, Daf eS cin neues Wrbheitsfeld ero ffnet. 


Friedridsdorf bet Franffurt a. UT. 
| int December 1861. 


(For Tafels I, II, & LIL see pp. 
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